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SUMMARY 
We have shown that treatment of a quinoline Reissert 
compound carrying a blocking group at the 4-position with 
base in the presence of acrylonitrile can lead in modest 
yield to thepyrrolo[1,2-i!lquinoline system and to an open 
chain ketone derived via an intermediate tetrahydropyrrolo 
[1,2-i!lquinoline. This behaviour contrasts with the more 
ready formation of the pyrrolo[2,1-a]isoquinoline system by 
a similar process. 
Analogous condensation of the corresponding phthalazine 
Reissert compound with acrylonitrile in base has been shown 
to provide a straightforward route to the little known 
pyrrolo[2,l-~phthalazine system. 
Treatment of phthalazine with p-chlorobenzoyl chloride 
and potassium cyanide in a two-phase system gives an N-acyl 
pseudo-base. We have discovered that addition of a phase-
transfer catalyst causesa novel change in the reaction path-
way in favour of Reissert compound formation. The same change 
is observed with 5-nitroisoquinoline in reaction with a 
variety of acid chlorides and chloroformates. 
Isoquinoline Reissert compounds derived from methyl 
chloroformate undergo condensation with phenyl isothiocyanate 
in base. Evidence is presented to prove that cyclisation 
which occurs leads to the tetrahydroimidazo[5,l-a]isoquinoline 
system in preference to the thiazolo[4,3-i!lisoquinoline. This 
conclusion is supported by chemical and spectroscopic data 
-- -- -----------------------, 
including carbon-13 n.m.r. and mass spectrometry. The method 
has been shown to provide a general synthesis of the tetra-
hydroimidazo[5,I-a]isoquinoline ring system. 
Pharmacological evaluation of representatives of the 
tricyclic systems synthesised has shown significant anti-
hypertensive activity to be present in examples of the pyrrolo 
~, I-a] isoquinoline and pyrrolo~, l-<!l phthalazine systems 
. and also pronounced anti-inflammatory activity in the former. 
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INTRODUCTION 
The study of nitrogen heterocyclic chemistry has for a 
long time absorbed the interest of organic and medicinal chemists 
mainly because of the wide variety of compounds found to be 
involved in naturally occurring processes and useful synthetic 
products of medicinal and pharmacological interest. Many of 
the quinoline and isoquinoline alkaloids have been found to 
possess drug action, some examples being the smooth muscle 
relaxant papaverine (1), the amoebicide emetine (2), and 
quinine (), a naturally occurring antimalarial drug having 
both the quinuclidine and the quinOline rings. 
(1) 
(2) 
-1-
The purpose of our work was to examine the use of Reissert 
compounds (e.g. 4) as possible starting point for the 
annelation of a third ring on to an isoquinoline, quinoline or 
analogous heterocyclic nucleus. It was hoped this approach 
would provide some new and useful routes to such tricyclic 
systems' and at the same time yield some compounds of potential 
interest medicinally as explained below. 
~) 
The four ring systems whose syntheses we examined in 
particular were pyrrolo[2,1-<!Jisoquinoline (5), pyrrolo[1,2-<!] 
quinoline (6), pyrrolo[2,1-a]phthalazine (7), and the 
imidazo[5,l-~isoquinoline (8). 
1 2 
(5) 
-2-
The approach we wished to consider for synthesis of the 
pyrrolo[1,2-<!J quinoline (6) and other tricyclic systems of 
the types (7) and (8) was based on Boekelheide and GodfreY'sl 
findings that condensation of isoquinoline Reissert compounds 
(9, R = Ph or Me) with acrylonitrile in the presence of 
phenyl lithium leads to formation of the pyrrolo[2,1-~ 
isoquinoline (13, R = Ph or Me) in yields of 76% and 60% 
respectively. The reaction was represented as occurring by_-__ 
the mechanism outlined in Scheme A. 
Addition of acrylonitrile to the Reissert anion (10) 
derived from N-benzoyl or N-acetyl-l,2-dihydroisoquinoline 
-l-carbonitrile (9, R = Ph or Me) results in an ionic 
intermediate for which formula (11) represents one of the 
possible structures contributing to the resonance hybrid. 
This intermediate is favourably arranged to undergo ring closure 
to (12). 
The steps from (12) to (13) must involve protonation 
of the oxygen anion, loss of HeN and H20, and hydrolysis of the 
nitrile to give the amide function at position-2. Boekelheide 
and Godfreyl could not explain why this last step occurred 
and did not comment on any possible source for the proton for 
the first of these steps from (12) under the supposedly 
anhydrous conditions (assuming the step~~rior to the work-up 
" 
stage). In the course of our work we re-examined this 
mechanism as reported in the Discussion section. 
-3-
(9, R=Ph or Me) 
0' 
I 
PhLi • 
ether!dioxan 
OOC 
N-- C -R <l!E:__---
(12) 
I 
H2- T
H 
CN 
R 
CONH2 
(13, R=Ph or Me) 
Scheme A 
(10) 
(11) 
1. CH2= CHCN, dioxan 
OOC then r.t. for 18h. 
2. solid CO2/H20 
-CH-CN 
2 e 
Boekelheide and Godfreyl were unsuccessful in an attempt 
to extend the method to give pyrrolo[1,2-a]quinolines. When 
N-benzoyl-l,2-dihydro.--quinoline-2-carbonitrile (14) was 
treated with acrylonitrile, the only product isolated was that 
corresponding to normal cyanoethylation. Whether condensation 
had occurred at the 2-position or at the allylic 4-position 
of the quinoline ring to form either (15) or (16) respectively 
was not established. 
-4-
~u ~N.J<N 
I 
Ph-C=O 
(14 ) (15) 
(16) 
We considered that (16) was the more likely product, 
since if (15) were formed it would seem surprising if a 
pyrrolo[l,2-~ quinoline was not also given. To prevent 
formation of (16) we therefore examined the incorporation of 
a blocking group at the 4-position in the starting quinoline 
Reissert compound. 
Inasmuch as the hydrogen bonded to the carbon alpha 
to the cyano group is distinctly acidic, reactive anions are 
formed by treatment of Reissert compounds with a variety of 
bases. A number of alkylation reactions,2,3 Michael type 
additionsl and base catalysed rearrangements4-6 proceed 
through the conjugate bases (17) and (18). 
The anions (17) and (18) have most generally been 
prepared by removal of the acidic hydrogen by a base such as 
phenyl lithium in e~her-dioxan at -20 °c or by sodium 
-5-
.. ------------------------------------------.... 
hydride at the temperature of ref1uxing xy1ene. 7,9 Recent 
work, however, in our Department and elsewhere, has shown 
that these anions can be generated and caused to react 
at room temperature by use of sodium hgdride in dimethy1-
formamide. 2,3,10 
e 
COl 
. N CN 
I 
R-C=O (17) 
(:18) 
A generally useful and convenient method of Reissert 
. . • 10-15 
compound format~on ~s that of Popp and co-workers. 
This involves addition of the acid ha1ide neat or in 
methylene chloride to a mixture of the heterocyc1ic base 
in methylene chloride and potassium cyanide in a minimum 
of water. 
.-6-
o 
11 
+ R-C-Cl + KCN 
The chemistry of Reissert compounds has been reviewed 
by McEwen and Cobb7 and, more recently, by Popp.8 
We now review briefly, previous routes to the 
pyrrolo[2,l-~isoquinoline and pyrrolo[l,2-a]quinoline 
ring systems. 
Various tetra- and hexahydropyrrolo[2,l-~isoquinolines 
have been prepared in connection with studies on emetinel 6-lB 
(2) and the erythrina alkaloids. l9,20 
(2) 
-7-
Child and Pyman16 obtained the hexahydropyrrolo[2,1-a]-
isoquinolinium chloride (20) as the major product on 
treatment of (19) with phosphorus oxychloride, Reduction 
of the quaternary chloride (20) gave 8,9-dimethoxy-l,2,3,5,6,ll-
hexahydropyrrolo[?,l-~ isoquinoline (21), 
Me 
/ (20) 
~a/EtOH 
3 
The 2,3,5,6-tetrahydroanalogs (23) can also be obtained 
by cyclisation of I-phenylethylbutyrolactams (22) with 
phosphoryl chloride,l? 
R~ 
R.AV ay- ~ yR 
R~R R 
(22) (23) 
-8-
The fully aromatic Pyrrolo[2,l-~isoquinoline system 
can be prepared by direct condensation of isoquinoline with 
dimethylacetylenedicarboxylate in ethereal solution. 2l ,22 
The adduct can also be formed with methanol as solvent. 23 
The suggested mechanism23 is shown. 
OQ"-': ~ I -e-eo Me 
_ /. 11 2 
e Se . 
~ ~ I MeO-H e02Me 
1 
j 
-9-
---------------------------. 
In a more recent synthesis 5,6-dihydropyrrolo[2,l-a] 
isoquinolines were prepared from azomethine ylids of the 
type (25) obtained from 2-alkyl-3,4-dihydroisoquinolinium 
salts24 (Z4), for example 1-
~ ~!-CH2- Ar _E_t",,3,-N~) 
@ 9 
Br 
(Z4 ) 
Cl 1 
Cl 1 
( 
Arreflux/xylene 
00~H-Ar ~~e 
(Z5) 
H II/,'J--~""'/CO Me 
Z MeOZ 
r 
Partially reduced pyrrolo[2,l~soquinolines can 
also be obtained from isoquinoline N_oxides. 25,26 Reaction 
of 3,4-dihydroisoquinoline N-oxide (Z6), for example, with 
dimethylacetylenedicarboxylate yields the primary adduct (Z7) 
-10-
which can isomerise to (28). Elimination of methanol from 
(28) gives (29) which can be reduced successively with 
sodium borohydride to the alcohol and then over nickel 
to (:30). 
(26) 
(27) 
1 
( 
OMe 
o o 
H \1I"t--"'fI/ H 
OH l1e02 H 
(:30 ) 
-11-
Treatment of I-methyl-J,4-dihydroisoquinoline (Jl) 
with "<-bromoketones and 5% sodium carbonate can also lead 
to the 5,6-dihydropyrrolo[2,1-a]isoquinolines (J2). Thus 
bromoacetone gives (J2, R=Me). 
(J2) 
The less well known28 pyrrolo[i,2-~quinoline system 
was first obtained by Diels and Alder by direct condensation 
of quinoline with dimethylacetylenedicarboxylate.29 Oxidation 
of the intermediate adduct (JJ) with nitric acid or chromic 
acid produced the pyrrolo[i,2-~quinoline (34) by an unknown 
mechanism. 
1 
[01 
(J4 ) 
-12-
The nucleus (38) was later obtained by treatment of 
the diol (36) with hydrogen bromide to give the dibrpmide (37) 
followed by cyclodehydrobromination under basic conditions.30 
The reduction of (35) to (36) was unusual in that sodium 
borohydride does not normally reduce ester functi,ons. 
(35) 
COZCZH5 (36) 
l-
E NaOH 
Br 
(38) (37) r 
The pharmacological activity of Pyr~olo[Z,l-~iso­
quinolines is of interest. Certain isoquinoline alkaloids 
incorporating a fused five-membered ring have attracted attention, 
for example, the erythrina alkaloids. 31,3Z Compounds such as 
erysothiopine (39) and erysothiovine (40) show both neuro-
muscular and ganglion blocking actions and have been used 
clinically. 33 
-13-
HO 
HO 
(40) 
The action of pyrrolo~,l-~isoquinolines on the 
peripheral neuroeffector system was shown by Casagrande et al. 
in 1968.34 Several of these compounds, some of which are 
listed below, showed significant activity. Compound (44) 
showed ~-adrenergic blocking activity. Compounds (43), (45), 
(50) and (51) compared favourably with papaverine as smooth 
muscle relaxants. 
The direct effect on the heart was of particular interest. 
At a dose of 2-4 mg/kg (46) inhibited atrial fibrillation 
induced by local application of acetylcholine in the dog's 
heart and protected rats from calcium chloride induced ventricular 
arrhythmia. The compound also blocked hypertensive response 
to epinephrine (0.1 mg!kg) in pithed rats, and protected 
aggregated mice against amphetamine toxicity. The hypotensive 
effect induced by (53) lasted 1-2 hours. In rabbits, doses 
of 50-60 mg/kg lowered arterial pressure to 60-50% of controlled 
values for 1.5-2 hours. 
Compound (53) also showed very low toxicity in laboratory 
animals. Further investigation into the mechanism of action 
showed an increase in contractile force, cardiac output, and 
coronary flow, while peripheral and coronary resistances were 
reduced. 
-14-
(41) R=CH2CH2NMe2 
(42) R=CH2CH2NEt2 
(43) R=CH2CH20 
(44) R=(CH2)3NMe2 
(47) R=morpholino 
(48) R=NMe2 
MeO 
MeO 
(53) 
R 
e 
-15-
MeO 
MeO 
R 
(45) R=C6H5 
(46) R=cyclohexyl 
Me 
(49) R=Et 
(50) R=CH2CH2NMe2 
(51) R=CH2CH2CH2NJ 
MeO 
MeO 
(52) 
We therefore considered it of interest to examine any 
pyrrolo [?, I-a] isoquinolines or pyrrolo tl, 2-1!l quinolines we 
may obtain, for antihypertensive activity. 
In this respect it can be noted that the phthalazine 
derivative (54), hydralazine, has had extensive use in 
medicine for the treatment of hypertension. J5 
~~N 0 I '" ~ N-C-H H CN 
(54) (55) 
More recently, however, use of the drug has declined 
because of the recognition of a wide range of serious side 
actions including jaundice, pancytopenia, polyneuritis, and 
a syndrome resembling chronis lupus erythematosus.J5 
A.possible extension of the synthesis of pyrrolo[2,1-~ 
isoquinolines from Reissert compounds is of pyrrolo[2,1-a] 
phthalazines from phthalazine Reissert compounds. In view 
of the findings of Casagrande et al. J4 discussed above, it 
is likely such a system may show useful antihypertensive 
activity but hopefully avoiding the unwanted side effects 
of hydralazine (54). 
2-Acyl-l,2-dihydrophthalazine-l-carbonitrile (55), 
Reissert compounds derived from phthalazine are known 
though their chemistry has been little investigated. J6 
-16-
The pyrrolo[?,l-~phthalazine system was first obtained 
as the l,Z,3-trimethylcarboxylate (56) in very low yield by 
addition of dimethylacetylenedicarboxylate to I-methyl-
Phthalazine. 37 
Me Me 
cC ~ ....-:::! (CCOZMe )Z ) °ZMe 
MeOZC COZMe 
(56) 
Diphenylcyclopropenone reacts readily with both iso-
quinoline and phthalazine to form l,Z-diphenylpyrroloC2,l-~ 
isoquinoline-3-cis-l,Z-diphenylacrylate (57) and l,Z-diphenyl-
3-hydroxypyrrolcg,l-~phthalazine (58) respectively. No 
reaction occurs with quinoline under similar conditions. 38 
° Ph 11 I 
-C-C=CHPh H 
Ph Ph Ph h 
(57) (58) 
As with isoquinoline, salts of I-methylphthalazine also 
form ylids of the type (60) which add to dimethylacetylene-
dicarboxylate to give pyrrOlO[Z,l-~Phthalazine.39 
-17-
Me Me 
GC NCCHBrC02Et r0CV-J' • I J =" /. ) ~ /. N H-C02Et $ e 
Br 
(59) 1 base 
Me Me 
(CC02Me )2 OC~ l' ( ~ /. N- C -C02Et C02Me @ e 
Me02C C02Me (60) 
In a somewhat different approach, the pyridazine ring 
was synthesised by cyclisation of N-ureidopyrroles having a 
phenyl group at the ~-position. Cyclisation is effected by 
heating at 260-2800 C for 30 minutes. 40 The reaction, however, 
is complex due to dimerisati6n of starting material. 
Formation of (65) is thought to occur by a reaction 
pathway in which inital loss of ammonia results in formation 
of an isocyanate (62). Cyclisation occurs by electrophilic 
attack by the isocyanate group on the benzene ring leading to 
. 40 
the pyrrolo[2,l-a]phthalazin-6(5H)one. 
-13-
heat )-
26o-280oC Me e 
C02R C02R 
(61) (62) 
1 1 
° NlI Fhtt~ co I I Me 
C02R 2 
C02R 
(63) 
1 
° ° 
-co 
Me of 2 
Me 
(65) (64) C02H 
The remaining principal study made by us which utilised 
the Reissert anion as starting point was an approach to the 
synthesis of the imidazo[5,l-a]isoquinoline system (8). This 
cycloaddition requires a C=N moiety (e.g. in a heterocumulene 
-C=N=X) in place of the C=C (in acrylonitrile), as is explained 
more fully in the Discussion section. 
-19-
(8) 
The imidazoCS,I-~isoquinoline system is not unknown 
in the chemical literature. The 5,6-dihydro analogue (68) was 
obtained by Child and Pyman in connection with their studies 
on emetine. 16 In an attempt to prepare (67) by cyclodehydration 
of (66), they isolated, instead, 5,6-dihydroimidazoC5,I-a]iso-
quinoline (68). 
~ POCI; lVv~ 
bL W Z-NH- C-Ph R CHZ- NH-C-Ph 
(66) (67) 
/ 
(68) 
Although the ;,4-dihydroisoquinoline (67) was not isolated 
in this reaction, its role as an intermediate in the formation 
of (68) was later shown in closely related syntheses of fully 
aromatic ;-SUbstituted4l or 1,;-disubstituted4Z imidazo[5,I-a] 
isoquinolines (70). Isoquinoline amides of type (69), prepared 
-ZO-
f~om l-aminomethylisoquinolines and acid chlorides, were 
shown to undergo cyclisation and dehydration with phosphoryl 
chloride.4l ,42 The amides (69) were prepared as shown. 
~ KOH/DMF/20oC) 
~-S02-Ph 
H CN 
R-C=NOH 
RCOX 
CH-NH I 2 
R 
R 
(70) 
-21-
A synthesis of the tetrahydroimidazoC?,l-~isoquinoline 
(76) has also been reported.43 This was obtained by cyclisation 
of the dithiocarbonyl derivative (74) of 1,2,3,4-tetrahydro-
isoquinoline, by heating with acid. Compound (74) was prepared 
as shown from isoquinaldamide (71). Hydrogenation of iso-
quinaldamide hydrochloride gave tetrahydroisoquinaldamide (72) 
which, with lithium aluminium hydride gave l-aminomethyl-l,2,3,4-
tetrahydroisoquinoline (73). The reaction of diamine (73) with 
carbon disulphide yielded the dithiocarbonyl derivative (74). 
(74 ) 
( 
S 
11 CH-NH-C-SH 2 
1 heat,H+ 
CHZ-N=C=S 
(75) 
-22-
CONH2 
(72) 
lLiAlH4 
O? 
(73) 
(76) 
. A proposed mechanism for the cyclisation involves initial 
elimination of hydrogen sulphide from (74) to give an intermediate 
l-isothiocyanato-l,2,J,4-tetrahydroisoquinoline (75) which then 
cyclises to the thiourea (76). 
Throughout our studies Reissert compounds were required 
as starting material. They are best prepared in a two-phase 
system of water-methylene chloride,l4 but this can lead to low 
yields, for example, in the formation of phthalazine Reissert 
compounds,J6 or those prepared from chloroformates (ClC02R).44 
Although the methylene chloride-water system is hetero-
geneous it has the advantage over the aqueous system45,46 
that all the reactants and products are soluble in one phase 
or the other. ll The use of water, however, in certain cases 
also resultsin formation of N-acyl pseudo-bases of type (77) 
as a competing reaction. 47 
(77) (78) 
This was reported in the attempted synthesis of N-benzoyl-
5-nitro-l,2-dihydroisoquinoline-l-carbonitrile (78, R=Ph). 
In a series of reactions carried out under conditions for 
Reissert compound formation, quantitative yield of the hetero-
cyclic N-acyl pseudo-base (77, R=Ph) was reported from 5-nitro-
isoquinoline. 47 Similar behaviour, though less marked in some 
-2J-
cases has been reported for analogous QuinOline47-49 and 
1,),4-thiadiazole50 systems each carrying certain electron-
withdrawing features. 
In an attempt to overcome the several drawbacks 
mentioned which the two-phase method presents, we felt it 
worthwhile, as an associated study, to examine the use of 
phase-transfer catalysis 51-53 in Reissert compound formation. 
In the past few years, due largely to the pioneering 
work of Makosza,54 Brandstrom55 and starks,56 increasing 
interest has been centered upon phase-transfer catalysis 
also sometimes referred to as "ion-pair partition". Such 
work has led to the use of these compounds in a wide variety 
of reactions including addition, substitution, elimination, 
generation of carbenes, deuterium exchange, oxidation and 
reduction. 56,57 
CH) (CH?h CI-\3 
1+ 
-
CH~ 1+· 0< C6H5-CH2- N -CH) Cl (CH?)3 -N-.(CH-c)) Cl I 1 
CH) (CH'lh CH,!> 
(79) (80) 
Q+X- - ..:....- !9+Al -+ A + X ;0 
aqueous phase 
1l 1t organic phase 
~+XJ + AB ( [Q+A-] + BX 
-24-
-
In a heterogeneous system, addition of catalytic 
amounts of such agents as benzyltrimethylammonium chloride 
, 
-h-(79), tetrabutylammonium chloride (80) or other quaternary 
• 
ammonium or phosphonium salts, can cause transfer of the 
water soluble reactant across the interface into the organic 
phase where a homogeneous reaction can take place rapidly. 
Thus in a reaction involving the water soluble nucleo-
- +-phile A, addition of the phase-transfer catalyst Q X , 
causes transfer of the nucleophile as an ion pair Q+~-
into the organic phase where it can react with the organic 
reagent BX. 
Such agents could aid in the transfer of CN- into the 
organic phase and hence encourage Reissert compound formation. 
--25-
DISCUSSION 
PART I 
Pyrrolo [l,2-a] quinolines and Pyrrolo [2 , l-aJisoguinolines • 
As discussed in the Introduction, Boekelheide and Godfrey 
used conditions employed in their synthesis of the pyrrolo[2,l-~ 
isoquinoline system to attempt to synthesise the corresponding 
pyrrolo~,2-~quinoline system by a similar route. It was not 
successful, the product (from 81) being either (82) or (83). 
~u ~NJ<~N I Ph-C=O 
. (81) 
1. PhLi in 
Et20/dioxan 
- ) 
2. CH2CHCN 
or 
~CH2CH2CN i CN 
Ph-C=O 
(82) 
H 
N 
I CN 
Ph-C=O 
(83) 
Structure (83) would seem the more likely product since 
the pathway to (82) would have been expected to yield also some 
pyrrolo [l,2-a] quinoline. Furthermore, it is known that addition 
of methyl iodide to the anion of (81), generated by phenyllithium 
in ether/dioxan at -lOoC, gives lepidine (84) after hydrolysis 
of the substituted Reissert compound58 and not the 2-methyl 
analogue, quinaldine. 
..26-
·0Ck' " ~ e 
N CN I 
Ph-C=O 
H)C 
H 
N CN I 
Ph-C=O 
(85) 
1-\ C 
3 
N 
( 
(87) 
1 
H)C 
H 
N CN Ph-~=O 
(88) 
1. Mel , 
2. KOH/aq.EtOH 
H)C 
NaH/Dl1F' ~ 
oOe 
H)C 
CH)l 
H)C 
-27-
(84) 
N 
I 
Ph-c=o 
(86a) 
1 
N 
I CN 
Ph-C=O 
(86b) 
CH) 
N CN I 
Ph-C=O 
(89) 
In further confirmation, we also showed that an analogous 
course was taken with the Reissert compound (85) of 6-methyl-
quinoline. Methyl iodide was added to the anion (86) generated 
from (85) using sodium hydride in dimethylformamide. Formation 
of neither (87) or (89) was observed. The only product isolated 
was N-benzoyl-4,6-dimethyl-l,2-dihydroquinoline-2-carbonitrile 
(88). 
The structure of (88) is supported by its ~ n.m.r. spectrum 
which shows allylic coupling of the 4-methyl group with the C-3 
proton. The doublet at 82.18 (J=1.3Hz) due to the 4-methyl 
group is accompanied by a quartet at 85.85 due to the C-3 proton. 
The C-3 proton is further coupled to the C-2 proton which displays 
a doublet at 86.1 (J=7Hz). 
These results were confirmed by spin de coupling experiments 
in which irridiation of the C-3 proton reduces the doublets at 
8'2.18 and 8'6.1 each to a singlet. Had structure (87) been 
isolated, the c-4 methyl doublet would have shown ~ J = 7Hz. In 
structure (89) the C-2 methyl signal would have been unsplit. 
The formation of (88) therefore results from allylic sub-
stitution followed by a 1,3-prototropic rearrangement of (87) 
to (88). 
It was considered that formation of a pyrrolo[l,2-a}quinoline 
could be favoured by using a quinoline Reissert compound carrying 
a blocking group at its 4-position, such as compounds of the 
type (90) derived from 4-methylquinoline. 
-28-
N 
r 
Ph-C=O 
N 
I 
Ph-C=O 
CN N 
(90) (91) 
It was considered unlikely that (91) would result on 
condensation with acrylonitrile in base since alkylation of the 
anion (93) derived from N-benzoyl-4-methyl-l,2-dihydroquinoline-
2-carbonitrile (92) is known9 to give not a 4,4- but a 2,4-
disubstituted product (94). Hydrolysis of (94) gives 2,4-dimethyl-
quinoline. 9 
H i CN 
Ph-C=O 
ether/dioxan 
PhLi )0 
e 
N CN I 
Ph-C=O 
(92) 
( me 
N 
r 
Ph-C=O 
(94) 
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(96) 
Reissert compounds were therefore prepared from lepidine 
(4-methylquinoline). An adequate supply of lepidine was obtained 
by using a modification of the Skraup synthesis. This method 
involves reaction of aniline hydrochloride with methyl vinyl 
• ketone in alcohol containing a catalytic amount of anhydrous zinc 
chloride and a 1.6 molar excess of ferric chloride in suspension. 
Lepidine was obtained in yields of 60-70% by this method. 59 
From a mechanistic viewpoint Michael addition of the 
aromatic amine to the~F1-unsaturated carbonyl component gives 
rise to (95). Electrophilic substitution by protonated (95) (or 
by Lewis acid catalysis) on the aromatic ring followed by 
dehydration and finally dehydrogenation of the 4-methyl-l,2-
dihydroquinoline, (96) by ferric chloride gives lepidine. 
Using the general method of Popp et al.,10-15 lepidine 
Reissert compounds of the general structure (97) were prepared 
by reaction of the appropriate acid chloride with lepidine and 
potassium cyanide in a heterogeneous methylene chloride-water 
system. 
R 
(97) 
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The i.r. spectra of these compounds showed amide 
absorption at 1660 cm-I, CN at 2240 cm-l (weak) and C=C at 
1600 cm-l typical of Reissert compounds. 60,61 The n.m.r. 
spectra produced chemical shifts and coupling constants in 
agreement with values reported for the allylic system of 4-
alkyl substituted Reissert ~ompounds.47,62 
Using potassium t-butoxide in dimethylsulphoxide the 
anion (98, R=H) was generated from N-benzoyl-4-methyl-l,2-
dihydroquinoline-2-carbonitrile (97, R=H). Addition of 
acrylonitrile at room temperature resulted, however, only in 
isolation of 2-benzoyl-4-methylquinoline (100, R=H) i.e. 
condensation had not occurred. Similar results were obtained 
by an undergraduate in this Department, M.F. Consterdine,63 
with sodium hydride in dimethylformamide at OoC. 
(97) 
(100) R 
H 
CN 
( 
t-BuOK CN 
R 
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The formation of (lOO, R=H) may be explained by a 1,2-
rearrangement of the Reissert anion (98, R=H). Such 1,2-
re arrangements via a Reissert anion , have been shown to 
occur above oOe by an intramolecular process by way of an 
aziridine intermediate (99, R=H) in the absence of a competing 
electroPhile. 9,64 
Acyl rearrangements of this type can usually be 
suppressed by use of low temperatures (ooe or less) in the 
presence of an electrophile, as observed in the alkylation of 
Reissert anions. 64 
A preliminary study of the cycloaddition reactions at 
temperatures below oOe was carried out by myself during my M.Sc. 
project65 and by three undergraduates in this Department, J.A. 
Pemblington, B.P. Slingsby and J.K. Hicks, whose results I 
subsequently confirmed. I showed that use of sodamide in 
liquid ammonia gave a 10% yield of 5-methyl-l-phenylpyrrolo 
[l,2-~quinoline-2-carboxamide (103, R=H), m.p. 136-137°e 
which crystallised as deep orange needles from ethyl acetate. 
pemblington66 had examined the reaction in dimethylformamide 
at -30oe using sodium hydride as base and obtained (103, R=H) 
in crude form only, but Slingsby67 repeated the procedure and 
isolated the crystalline compound (103, R=H) in 25% yield. 
Hicks68 carried out the reaction with (97, R=OMe) obtaining 
(103, R=OMe) in 2% yield when NaH/DMF was used and in 20% yield 
when NaNH2/1iq.NH3 was used. In the former case he also 
isolated a by-product which he tentatively assigned structure 
(106, R= OMe) which I subsequently confirmed (see p. 36). 
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5-Methyl-l-phenylpyrrolo~,2-~quinoline-2-carboxamide 
(103, R=H) showed in the ~ n.m.r. a two proton signal 86.55, 
removed by D20 and i.r. bands at 3435, 3285 and 1625 cm-
l which 
confirmed that the nitrile had undergone hydrolysis to the 
amide. The remaining ~ n.m.r. signals were in the aromatic 
region except that for the 5-methyl group at S2.47. The ultra-
violet spectrum of (103, R=H) showed).... 260 (loge 4.19), 291 
max. 
(4.40), 370 (3.73), and 429 nm (3.91). This is similar to that 
of the pyrrolo[2,1~ isoquinoline analogue (113, R=H) which 
shows," 250 (4.46), 256 (sh.), 298 (4.61), 381 (3.40) and 
max 
437 nm (3.45). 
Formation of the pyrrolo [1,2-~quinoline probably occurs 
by a mechanism similar to that discussed above for the formation 
of the pyrrolo[2,1-a]isoquinoline system. eyclisation of the 
initial Michael adduct anion (101) gives the tetrahydropyrrolo 
[l,2-aJquinoline anion (102). If protonation can then occur 
followed by dehydration and loss of hydrogen cyanide, the 
aromatic pyrrolo[1,2~quinoline system results as shown in 
Scheme B. 
The pyrrolo[1,2-a]quinoline (103, R=H) was best obtained 
in a yield of 25% using NaH/DMF at -300 e. As mentioned above, 
on repeating the cyclisation with the analogous N-(p-methoxy-
benzoyl)-4-methyl-l,2-dihydroquinoline-2-carbonitrile (97, R=OMe) 
in NaH/DMF at -30oe, 1-(p-methoxyphenyl)-5-methylpyrrolo[1,2-~ 
quinoline-2-carboxamide (103, R=OMe) was obtained but in only 
2%. The by-product accompanying this had the same molecular 
weight as (103, R=OMe). However, it showed strong nitrile i.r. 
-35-
absorption at 2250 cm-l and a carbonyl band at 1660 -1 cm • 
In addition to signals in the aromatic region, the n.m.r. 
spectrum showed a one proton triplet at 85.45 (J=7Hz) and 
quartets (one proton each) at 83.86 and S).51. This is in 
accord with structure (106, R=OMe), the triplet signal being 
due to the p-proton, and the quartets due to the ~protons 
(showing J 16, J/.t7Hz). The 4-methyl signal was at 82.62 gem 0<".-
and the p-methoxy at 83.85. 
2-[~-Cyano-)9-(p-methoxybenzoyl)ethylJ-4-methylquinoline 
(106, R=OMe) could arise by cyclisation via (104, R=0l1e) to 
the intermediate tetrahydropyrrolo[1,2-a]quinoline anion 
(105, R=OMe) followed by fragmentation in the manner shown. 
CN 
(104) 
1 
( 
N 
/
'.)' CH2 e~ I O-C-CH-CN 
(105) 
(106) 
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l;hen the reaction was conducted at room temperature 
with NaH/DMF the "ring-opened".compound (106, R=OMe) was not 
isolated, the only material obtained being 2-(p-methoxy-
benzoyl)-4-methylquinoline (100, R=OMe), i.e. the product of 
a 1,2-rearrangement. Formation of a ketone analogous to (106) 
has been observed in the isoquinoline series. l Condensation 
of N-benzoyl-l,2-dihydroisoquinoline-l-carbonitrile (107) 
with 2-vinylpyridine or ethyl acrylate gives the open chain 
ketones (108) and (109) respectively which may be obtained by 
a similar mechanism. 
OQ-~-Ph 
H CN 
(107) 
o 
11 
CH -CH-C-Ph 
2 ~\ 1 
. fl 
CH -CH-C-Ph 
2 I 
C=O 
I 
GEt 
(108) (109) 
To progress from the intermediate (105) to the ring 
opened product (106) does not require intervention of a proton 
source, in contrast to the pathway to the pyrrolo[).,2-aJquinoline 
(103). We consider that in the aprotic sodium hydride-dimethyl-
formamide system this latter pathway may be achieved by an 
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equilibration of (105) with (110) and possibly (Ill). The 
carbanion (110) would be more stable since stabilization 
by resonance with the adjacent CN group is available. However 
a pathway via (Ill) could proceed immediately to form a double 
bond with the heterocyclic ring by elimination of CN-. 
CN < N 
> 
N CH ~ I I Z 
O-C-CH-CN 
N 
11
Hz 
HO-C--C-CN 
e 
CN 
(105) e 
I iH (110) 
HO-C-CH-CN Q 
R (111) 
It is interesting to note that in the isolated pyrrolo 
[l,Z-a]quinolines and the pyrrolo[Z,l-a]isoquinolines the 
nitrile group from the acrylonitrile has been hydrolysed to 
amide, whereas in the ring opened ketones (106), the nitrile 
group is retained unhydrolysed. This proves that hydrolysis 
is not occurring in the work-up stages but only when OH- is 
liberated ~ situ, namely, in the pathway to the tricyclic 
systems but not to the ketones. 
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The results using sodamide in liquid ammonia (from which 
protons could be abstracted) were therefore of particular 
interest since these conditions might encourage pyrrolo[1,2-a] 
quinoline formation at the expense of the fragmentation sequence. 
Using these conditions the pyrrolo[1,2-a]quinoline (103, R=OMe) 
had been given in an improved yield of 20%. The two other 
analogues 1-(p-methylphenyl)-5-methyl-pyrrolo[1,2-aUquinoline-
2-carboxamide (10), R=Me) andl-phenyl-5-methylpyrrolo[1,2-aU 
quinoline-2-carboxamide (103, R=H) were also obtained by this 
method though in yields of only 9% and 10% respectively. 
As with the NaH/DMF system, polymerisation was evident. 
In the hope of reducing this we examined the use of the 
strongly hindered base potassium t-butoxide, described as less 
nucleophilic presumably because its steric bulk makesit less 
easy to attack a carbon than a hydrogen. 69, 70 We felt that 
use of such a base may reduce polymerisation of acrylonitrile 
as well as make a proton available for the latter stages of 
the reaction by the in situ production of 1 mole equivalent 
of t-butanol on inital carbanion formation. 
To examine the effectiveness of potassium t-butoxide in 
generating Reissert anions and in general pyrrolo[1,2-a] 
quinoline and pyrrolo[2,1-a]isoquinoline synthesis, we first 
examined the preparation of several pyrrolo[?,l-a]isoquinolines 
from corresponding isoquinoline Reissert compounds. Also the 
resulting pyrrolo[2,1-~isoquinolines (11) would be of 
potential pharmacological interest since those tested by 
Casagrande et al.)4 did not possess a)-aryl substituent. 
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As the use of potassium t-butoxide in t-butanol alone 
proved unsatisfactory on solubility grounds, dimethylsulphoxide 
was employed as solvent. Application of these conditions at 
room temperature with Reissert compounds (112; R=H, R=OMe and 
R=Me) gave the pyrrolo[2,l-a]isoquinolines (ll3; R=H, R=0l1e and 
R=Me) in yields of 64%, 90% and 58% respectively. Little or 
no polymerisation of acrylonitrile was evident. 
(ll2) 
R 
(ll3) 
We had shown earlier (P. 32) that use of these conditions 
with N-benzoyl-4-methyl-l,2-dihydroquinoline-2-carbonitrile 
(97, R=H) resulted only in the product of l,2-rearrangement, 
2-benzoyl-4-methylquinoline (lOO, R=H). However, in dimethyl-
formamide at -4ooc use of t-butoxide was more satisfactory 
giving 5-methyl-l-phenylpyrrolo[l,2-~quinoline-2-carboxamide 
(103, R=H) in 20% yield. 
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Use of the lepidine Reissert analogues (97, R=OMe) 
and (97, R=Me) with the latter conditions at -400 C produced, 
however, o~ly the ring opened ketones 2 U1-cyano-j.1-(p-
methoxybenzoyl)ethy~-4-methylquinoline (106, R=OMe) and 
2 [j3-cyano-j.1-(p-methylbenzoyl)ethyl]-4-methylquinoline 
(106, R=Me) in yields of 40% and 46% respectively. It 
would appear even under these conditions the pathway 
to ring opened ketone (106) had similar energy 
requirements as that leading to the pyrrolo[l,2-oilquinoline 
(103). 
To summarise our studies (see Table I, p.48), it 
would appear that sodamide in liquid ammonia is the most 
suitable system for pyrroloG,2-a]quinoline formation. 
The apparent reluctance of the reaction to provide 
the fully aromatic pyrrolo[1,2-a]quinoline in more than 
modest yield contrasts sharply with Pyrrolo[2,1-a]iso-
quinoline formation; this difference would seem not to 
be due only to reaction conditions. 
As previously discussed (p.38), the intermediate 
tetrahydropyrrolo[1,2-~quinoline anion (105) may be 
considered to equilibriate with (110) or lead to (114) 
via (Ill). Elimination of OH- from (110) forms the 1,2-
double bond (115). The former process would seem more 
likely as the resulting 3,3a-double bond will be 
conjugated with the styrene system. 
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HO-C-CH-CN 
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(111) 
1 
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N ~ 3 
I IH 
HO-C-CH-CN 
R 
(114) 
In the more successful pyrrolo [2, l-~ isoquinoline 
formation, the analogous intermediates are as shown. Here 
again it could be argued that formation of (120) would occur 
in preference to (118) as the former will be directly 
conjugated with the aromatic ring of the styryl system. 
If this order of events is correct then our experimental 
results would suggest that formation of (114) is much less 
favourable than formation of (120). 
OQ S> /' ~ 0 ~ I N-t-o-R 
NC CHZ-CH 
I 
CN 
(116) 
(119) 
t 
'" F~ N-I~R 
CH CH 
I 
CN 
(120) 
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CH--:;CH 
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30. 
N -...;:;: :3 I ,H 
HO-C--CH 
1 I Z, 
Ph CN 
(114) 
-
As can be seen from a view of these molecules in which 
the carbocyclic ring is at right-angles to (and beneath) the 
plane of the paper, the conformation of the five-membered ring 
in (114) is such that the IT-orbital overlap necessary for 
conjugation is greatly reduced compared with (120). In (120) 
the two double bonds are each directly conjugated to the 
aromatic ring whereas in (114) we have a twisted diene system 
in conjugation. On formation of the ),)a-double bond the 
dihedral angle (a) between the plane containing it and that 
of the aromatic ring is 46°. (Resonance energy falls off in 
proportion to cos2a, i.e. slowly at first and then sharply 
between about )00 and 600 ).71 
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In further work on the isoquinoline series we also 
examined the condensation of acrylonitrile with Reissert 
compounds derived from J-methylisoquinoline. Use of potassium 
t-butoxide in dimethylformamide at -400c with N-benzoyl-J-
methyl-l,2-dihydroisoquinoline-l-carbonitrile (121) led 
surprisingly to the rearranged product, I-benzoyl-J-methyl-
isoquinoline (122). In none of the previous examples 
studied (Table I) had 1,2-rearrangement occurred below OOC. 
Me 
R N-C-Ph 
H eN C=o 
I 
(121) Ph 
(122) 
The tendency of the J-methyl group to promote acyl 
rearrangement even in the presence of competing electrophile 
has been observed before in this Department. 64 Attempted 
reaction of (121) with p-methoxybenzyl chloride in base 
resulted in isolation of «-(J-methylisoquinol-l-yl)benzyl 
alcohol (12J). This product arose from 1,2-rearrangement of 
(121) to the ketone (122) followed by reduction during the 
work-up with ethanolic alkali, by a hydride transfer process. 
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NaH/DMF 0 ) 11 
OOC N-C-Ph 
(121) 
1 
Me 
" 
CHOH C=O 
I I 
Ph Ph 
(123) (122) 
Such ready rearrangements of the anion of 3-methyl-
isoquinoline Reissert compounds even at -40oC, is likely to 
be due to the 3-methyl group causing the carbonyl group and 
the phenyl ring to spend more time out of plane with the sp2 
nitrogen resulting in less amide stabilization and increased 
carbonyl character, hence facilitating more ready direct 
nucleophilic attack. 
On replacing the phenyl ring with the less bulky OMe 
group (125) we found that cleavage of the N-C amide bond 
again occurred but via addition of the acrylonitrile. This 
gave the open chain ester (126) showing carbonyl absorption 
at 1735 cm-l and nitrile absorption at 2245 cm-l in the i.r. 
spectrum, and will occur by the mechanism shown. 
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o 
11 
N-C-OMe 
'FABIE I 
Condensa~ion of quinoline andisoqu~noline Reissert cpmpound anions wito acrylonitrile 
. . . 
under various conditions 
--
Conditions Reissert 1,2-Rearranged Tricyclic Ring-opened 
Compound product adduct ketone 
NaNH2/liq.NH3 (97) R-H - (103, R-H) 10% -
.. .. (97) R=OMe 
- (103, R-OMe) 20% 
-
.. .. (97) R*Me 
-
(103, R-Me) 9% 
-
NaH/DMF/r. t. (97) R-OMe (100, R-OMe) 50% 
- -
NaH/DMF/OoC (97) R-H (100, R-H) 14% 
- -
NaH/DMF/-30oC (97) R=H 
-
(103, R-H) 25% 
-
.. 
" " 
(97) R*OMe 
-
(103, R-oMe) 2% (106, R-oMe) .5% 
t-BuOK/DMSO/r.t. (97) R-H (100, R-H) 13% 
- -
.. 
" 
.. (112) R-H 
-
(113, R-H) 64% 
-
.. .. 
" 
(112) R-OMe 
-
(113, R-DMe) 91% 
-
.. .. .. (112) R=Me 
-
(113, R-Me) 58% 
-
t-BuOK/DMF/-40oC (97) R=H 
- (103, R-H) 20% 
-
.. 
" " 
(97) R-OMe 
- -
(106, R-OMe) 40% 
.. 
" " 
(97) R-Me 
- -
(106, R-Me) 46% 
It 
" 
.. (121) (122) 16% 
- -
.. .. 
" (125) - - (126) 54% 
Drug Response Species 
(113) to 
R-H inflammation rat 
R-DMe hypertension rat 
(DOCA) 
R-Me hypertension rat 
(DOCA) 
PO - per oral 
DOCA - deoxycorticosterone acetate 
P.v.C. - paw volume change % 
MABP - mean arterial blood pressure 
CONH2 
(113 )1 
TABIE IA 
Dose Route 
mg/kg 
50 PO 
100 PO 
100 PO 
. Response 
.. 
P.V.C., -31.9 (control +3.5) 
15% reduction in MABP 
16% reduction in MAB? 
PHARMACOLOGY 
The pyrro1o[2,l-a] isoquino1ines and pyrro10 1J.,2-a] 
quino1ines synthesised as discussed in this section, were 
submitted for pharmacological evaluation b,y Reckitt and Colman, 
Pharmaceutical Division, Hull. Due to limited quantities of 
material, results were only obtained for the pyrro10 [?,l-a] 
isoquino1ines summarised in Table lA. 
Antihypertensive activity was assessed b,y oral adminis-
tration of the pyrro1o[?,l-a]isoquinolines (113, R-OMe) and 
(113, R-Me) to rats. These compounds showed 15% and 1Q% 
reduction, respectively, of mean arterial blood pressure after 
5 hours, in response to metacorticoid induced hypertension. 
Metacorticoid hypertension may be induced by chronic 
administration of 11-deoxycorticosterone acetate (127) to 
unilaterally nephrectomised rats, maintained on 1% sodium 
chloride drinking solution. 72,7J The incidence of elevated 
arterial blood pressure promoted, resembles, both physiologically 
and morphologically, the syndrone of human essential hypertension. 
- (127) (128) 
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Deoxycorticosterone (128) is a hormone secreted Qy the 
adrenal cortex and generally promotes retention of salt and 
water. 74 Excessive production of deoxycorticosterone has 
been associated with high blood pressure and is probably 
responsible for hypertension by a sodium salt retention 
mechanism. 
The hypotensive effect of compounds (113, R=OMe) and 
(113, R=Me) is compared with some clinically effective 
antihypertensive agents in Table TB. The percentage changes 
in arterial blood pressure produced by the drugs listed were 
obtained in the DOCA antihypertensive test in rats at doses 
indicated. 8J 
TABIE TB 
83 Comparison of antihypertensive activity with known drugs. 
Drug Dose mg/kg % Reduction in MABP 
(113, R=OMe) 100 15 
(113, R=Me) 100 16 
oC.-Methyl DOPA 200 36.7 + 4.3 
Bethanidine 50 22.5 + 3.1 
Diazoxide 100 48.5 + 4.9 
Hydralazine 3 41.6 + 5.7 
Frusemide 100 38.1 + 5.5 
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One of the pyrro10[2,l-~isoquino1ines synthesised, 
namely, (113, REH), was tested for anti-inflammatory activity. 
This compound showed significant action on inflamed tissue 
of the rat's paw. Oral administration of (113, R=H) resulted 
in up to 31.9% reduction in paw volume at a dose of 50 mg/kg, 
compared with an increase of 3.9% in control animals. The 
concurrent change in body weight was not significant (+10.5) 
compared to the control (+9.9). 
Local edema can be induced in the rat's paw by various 
irritants. A great many compounds have been used as irritants, 
the most common being formaldehyde, yeast, kaolin and dextran. 
The ability of a compound to reduce local edema of this type 
is the most. widely .Used test to screen new types of non-
steroidal anti-inflammatory drugs. 75 
The anti-inflammatory activity of (113, R=H) may be 
compared with 2-(2,4-dich10rophenoxy)pheny1acetic acid 
(fenc10fenac) (129) shown to be approximately equipotent to 
phenylbutazone (130) and more potent than acety1sa1icyc1ic 
acid (131) in clinical tests for assessing anti-inflammatory 
activity.76 At doses of 75 mg/kg, fenc10fenac gave J4% 
reduction in paw volume of rats with established adjuvant 
arthritis after 6 days. The concurrent gain in body weight 
was 18% compared to a control of 7.5%. 
The potency of fenc10fenac was determined relative to 
reference drugs. The potency ratios obtained were (fenc10-
fenac = 1) I acety1sa1icyc1ic acid, 0.06 and phenylbutazone, 
0.85. 76 The pyrro10[2,1-a]isoquino1ine (113, R=H) is clearly 
comparable in anti-inflammatory activity to these compounds. 
(131) 
(129) 
(130) 
In view of such a promising result, it is hoped further 
anti-infla~matory tests can be conducted on other compounds 
synthesised in this series. Modification by removal or 
hydrolysis of the amide group in these compounds, may also 
prove to be of interest in a study of structure-activity 
relationships (S.A.R.). If activity is retained in the de-
carboxylated analogue, it would be due to the ring system 
itself, since the activity of (113, R=H) may, in part, be that 
be that of an aromatic acid amide. 
The pyrrolo[2,1-a]isoquinoline (113, R=H) also distin-
guishes itself favourably in being active orally. This can, 
in fact, be said for all the compounds of this type tested so 
far. Such activity observed on oral administration would 
indicate ready absorption and transportation to the site of 
action. 
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PART II 
Phase- Transfer Catalysed Formation of Reissert Compounds. 
Our approach to a possible synthesis of the pyrrolo 
l?, I-a] phthalazine system (133) required phthalazine 
Reissert compounds: their condensation with acrylonitrile 
could be examined to permit elaboration of the third ring 
using conditions similar to those employed in the syntheses 
of the pyrrolo [2,1-a]isoquinoline (5) and pyrrolo [1,2-a] 
quinoline (6) systems. Popp, Wefer and Klinowski36 have 
reported the preparation of N-benzoyl-l,2-dihydrophthalazine-
l-carbonitrile (132) in 55% yield from phthalazine, benzoyl 
chloride and potassium cyanide using the normal procedure 
for Reissert compound formation, i.e. by use of a CH2C12/H20 
two phase system. 
~N 0 ~-~-Ph 
H CN 
R 
(132) 
(133) 
However, in several attempts at this reaction, under 
these conditions, we have only been able to isolate the 
Reissert compound (132) in a maximum yield of 30%. Reaction 
with other acid chlorides resulted in lower yields of the 
corresponding phthalazine Reissert compounds (134). 
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On further investigation of the reaction, we found 
these low yields, in some cases, were due to formation of 
the corresponding N-acyl pseudo-base (135) as a competing 
reaction. 
~~ 0 ~-g-R 
H CN 
(134 ) 
~I 'N 0 ~ I 11 N-C-R 
H OH 
(135) 
With p-chlorobenzoyl chloride, phthalazine and 
potassium cyanide in a heterogeneous methylene chloride-
water system, the principal product isolated was N-(p-
chlorobenzoyl)-1-hydroxy-l,2-dihydrophthalazine (137) 
m.pt. 147-14Soc, formed in 55fo yield, with only a trace 
( 1%) of the corresponding Reissert compound (135, R=4-CIC6H4 ). 
1l 
(137) (136) 
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Proof of structure of (137) was provided by elemental 
analysis, mass spectrometry (M+ 286, 288), n.m.r. and infra-
red data. The latter showed OH stretch at 3220 cm-l and 
amide at 1660 cm-I. 
Formation of the N-acyl pseudo-base (137) probably 
results by reaction of water or OH- with the initially formed 
quaternary ammonium ion (136). Compared with isoquinoline, 
the presence of an additional nitrogen in the hetero-ring 
of phthalazine will result in an increased electrophilicity 
of carbon-l in (136), due to the greater inductive electron 
withdrawal, in addition to that due to the p-Cl group. 
In an attempt to improve the yield of Reissert compound, 
we examined the effect of adding a phase-transfer catalyst 
to this heterogeneous system and we found this produced a 
striking change in pathway to favour Reissert compound 
formation. Use of 1% of the phase-transfer catalyst, benzyl-
trimethylammonium chloride, PhCH2NMe3Cl-, resulted in 
formation of N-(p-chlorobenzoyl)-1,2-dihydrophthalazine-l-
carbonitrile (134, R = 4-CIC6H4 ) in 72% yield with less than 
1% of the N-acyl pseudo-base (137). 
We subsequently set out to establish the effect of 
phase-transfer catalysis on the general synthesis of 
Reissert compounds. We have mainly selected cases in which 
the Reissert reaction proceeds in only low or moderate yields 
in the absence of catalyst such as in the formation of 
phthalazine Reissert compounds (134) or those prepared from 
chloroformates. 
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With phthalazine, reaction was carried out using a 
variety of acid chlorides and potassium cyanide in the 
presence and absence of a phase-transfer catalyst. In all, 
cases studied, we have found marked improvement in yield 
of Reissert compound when the reactions were repeated in 
the normal methylene chloride-water system but containing 
1% of benzyltrimethylammonium chloride (79) with respect 
to cyanide concentration. The results are summarised in 
Table H. 
TABlE H 
Phthalazine Reissert Compound formation in the 
presence or absence of a phase transfer catalyst. 
yield % 
R in Reissert Without With 
RCOCl Compound (134) PhCH2~Me3cl- PhCH2~MeJCl-
a 4-CIC6H4 R=4-ClC6H4 1 72 
b 4-MeC6H4 R=4-MeC6H4 1 50 
c 4-MeOC6H4 R=4MeOC6H4 14 67 
d Me R=Me 22 54 
-
e OMe R=OMe 11 30 
.. 
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With the acid chlorides £ - ~ in the absence of catalyst 
formation of N-acyl pseudo-base of the type (135) was not 
observed and normal Reissert compound formation occurs. In 
the presence of catalyst, however, marked improvements in 
yield is given in every case. 
In contrast to this p-chloro and p-nitrobenzoyl chlorides 
form N-acyl pseudo-bases. With p-nitrobenzoyl chloride in 
the absence of catalyst, I-methoxy-N-(p-nitrobenzoyl)-l,2-
dihydrophthalazine (138) was obtained on re crystallisation of 
the product from hot methanol. N-acyl pseudo-bases of this 
type are known to convert to the corresponding alkyl-ethers 
on heating with alcohols. 47 Proof of structure (138) was 
provided by the presence of an OMe signal atS3.48 in the 
+ n.m.r., elemental analysis and mass spectrometry (M' 311). 
(138) 
Failure of p-nitrobenzoyl, 3,4-dinitrobenzoyl and 
2,4-dinitrobenzoyl chlorides to give the Reissert reaction 
has been reported from early work on the preparation of 
Reissert compounds. 85 Although formation of the Reissert 
compounds (139) and (140) from quinoline and isoquinoline 
respectively, were later reported, they were obtained in a 
yield of only 3% in each case. 13 
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11 -OQI ~ o~ :::--. . N-C ~ ~ O2 
H CN 
(140) 
In contrast with the phthalazine system, treatment of 
5-nitroisoquinoline with an acid chloride and potassium 
cyanide in water-methylene chloride has been reported47 to give 
the N-acyl pseudo-base irrespective of the acid chloride used. 
In reactions with benzoyl, p-methoxybenzoyl, p-chlorobenzoyl 
and acetyl chloride, compounds of the type (77) were obtained 
in yields of 70-90% with the expected Reissert compounds (78) 
being given in yields of only 5% or less. 47,48 
00 RCOCl ) 00 0 :::--. /:N ~ /:N-g-R $ 
1~ 
- 60 0 H20 or OH I 11 ( :::--. N-C-R 
El'> 
(77) 
0 
11 
-C-R 
H CN 
(78) 
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The marked change of behaviour from the normal iso-
quinoline Reissert reaction is thought to be due to a strong 
electron-withdrawing effect of the 5-nitro group. The increased 
positive character of the C-l position is sufficient to 
result in loss of selectivity such that the nucleophile in 
excess (H20 or OH-) reacts predominantly.47 Alternatively, 
in terms of the principle of 'hard' and 'soft' acids and bases86- 89 
the effect of the 5-nitro group is to enhance the hardness 
of the C-l centre, thus favouring attack by the hard base H20 
(or OH-) rather than the softer base CN-. 
Chemical entities including atoms, molecules, ions, 
and free radicals may be categorised as 'hard' and 'soft' 
Lewis acids or bases. The important factors governing the 
softness of a specie are its size, charge or oxidation state, 
electronic structure, and the other attached groups. The 
hard species in general, have small atomic radius, high 
effective nuclear charge, and low polaris ability, whereas, 
soft ones possess the opposite characteristics. The anions 
OH- and CN- are classified as hard and soft respectively.89 
These reactions were repeated in water~methylene 
chloride containing 1% of benzyltrimethylammonium chloride, 
PhCH2flMe3Cl-, with respect to cyanide concentration. Under 
these conditions, N-acyl pseudo-base formation is completely 
suppressed in favour of the Reissert compounds (78), which 
were isolated in improved yields. A comparison of these 
results with those previously obtained47 in the absence of 
catalyst, is given in Table Ill. 
-60-
,a 
b 
c 
d 
TABIE III 
N-Acyl pseudo-base and/or Reissert compound formation from 
5-nitroisoquinoline in the presence or absence of a phase-
transfer catalyst. 
Without PhCH2nMe3Cl- With PhCH2nMe3Cl-
N-Acyl pseudo- Yield Reissert Yield Yield % 
base (77) % compound (78) % (77) (78) 
R=MeOC6H4 70* R=MeOC6H4 5* - 27 
R=C6H5 90* R=C6H5 1* - 17 
R=Me 74* R=Me 2* 
- 24 
R=OMe 15 R=0l1e 2 
-
72 
* as published in ref. 47. 
Also included in Table III is the reaction of 5-nitro-
isoquinoline with methyl chloroformate under Reissert reaction 
conditions. The reaction of chloroformates has not been 
previously examined in connection with studies on N-acyl 
pseudo-base formation. As indicated, I-hydroxy-N-methoxy-
carbonyl-5-nitro-l,2-dihydroisoquinoline (77, R=OMe) can 
be obtained in 15% yield in the absence of a phase-transfer 
catalyst. Use of catalyst, however, gives the Reissert 
compound (78, R=OMe) instead in 72% and no formation of the 
N-acyl pseudo-base. 
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11 OQI " 0 ~ N-C-OR 
H CN 
(141) 
Reissert analogues of type (lln) derived from alkyl 
chloroformates are normally obtained in low yields of 30% 
or less under normal Reissert reaction conditions. 44 With 
5-nitroisoquinoline, therefore, a 2% yield of Reissert 
compound (78, R=OMe) was not surprising. The marked 
improvement in yield (72%) obtained with use of a catalyst 
. 
is of si9nif~nce. 
R' 
~ N-C-OR 
f ~H 
N CN I 
RO-C=O 
(142) (143) 
We examined the preparation of other Reissert analogues 
of type (142) and (143) derived from isoquinoline and quinoline 
respectively. In these cases formation of the corresponding 
N-acyl pseudo-bases (144) and (145) is not observed under 
normal Reissert reaction conditions. However, in each case 
improvement in yields are given when a catalytic amount of 
benzyltrimethylammonium chloride is included in the reaction 
mixture. These results are summarised in Table IV (entries a-c) 
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H 
N 
I OH 
RO-C=O 
(144 ) 
I 
R 
o 
11 
N-C-R 
H CN 
(146) 
TABIE IV 
(145) 
Reissert compound formation with certain isoquinolines and 
quinolines in the presence or absence of a phase-transfer 
catalyst. 
Without with 
-
PhCH2NMe3Cl- PhCH2NMe3Cl-
Reissert compounds Yield % Yield % 
a (142) R~H, R~ Me 24* 69 
b (142) R~Me, R= Me 53 64 
c (143) R~Me, R= Me 20 61 
d (146) R~J1e, R=C6H5 63 77 
* ref. 44. 
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I 
-
I 
Entry d(146, R=Me, R=C6HS) is an example of normal 
Reissert compound formation proceeding in satisfactory yields. 
Even in such cases, however, improved yields may be obtained 
by inclusion of a phase-transfer catalyst. 
In all cases listed in the above Tables (II - IV) the 
new compounds we report were satisfactorily characterised 
by spectroscopic data and elemental analysis and we have 
published these findings. 90 
From our results, benzyltrimethylammonium chloride 
would appear to provide a greatly enhanced selective transport 
of cyanide ion from the aqueous to the organic phase. A 
homogeneous reaction then follows resulting in Reissert 
compound formation with improved yields and suppression 
of N-acyl pseudo-base formation in cases where they otherwise 
occur. This probably is due to a favourable soft acid-soft 
base interaction89 of the PhCH2NMe3 ion with the CN- ion 
rather than with the harder OH- (or H20), hence nitrile is' 
selectively carried into the organic phase. 
-~-
PART III 
prolo [2, l-a] phthalazines. 
The generation and reaction of anions of types (17) 
and (lS) derived from quinoline and isoquinoline Reissert 
compounds respectively, is well documented in the chemical 
literature. 2,7,S and their value as synthetic intermediates 
has been demonstrated. 8 Ro work in this respect, however, 
has been attempted on the corresponding phthalazine Reissert 
analogues (134). 
~ ~N~ 
. N CN 
I 
R-C=O 
(17) 
(134 ) 
a 
N-C-R 
(lS) 
(147) 
As discussed in Part II, phthalazine Reissert compounds 
(134) can be prepared in much improved yields by inclusion 
of a phase-transfer catalyst in the normal Reissert compound 
synthesis. 
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(148) 
CN 
(151) 
/ 
(152) 
Scheme C 
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In our synthesis of the pyrrolo[2,1-a]isoquinolines 
reported above (p. 40) we obtained high yields in the 
cyclisation step using potassium t-butoxide in dry dimethyl 
sulphoxide at room temperature. In the hope that phthalazine 
Reissert compounds would behave like the isoquinoline analogues, 
we applied these conditions to (134, R=Ph). 
We observed the anion (147, R=Ph) was readily generated, 
as indicated by production of a deep red colour. Addition 
of acrylonitrile caused the colour to fade to a pale orange-
red. Work-up gave an orange-red solid which crystallised 
from methanol as needles, m.pt. 210-211°C. 
We assigned the pyrrolo[2,1-a]phthalazine structure 
(152, R=H) to this compound, yield 65%, on the basis of 
spectroscopic evidence. The mass spectrum accordingly 
showed a molecular ion at m/e 287; the infrared spectrum 
~ . t contained bands at 3430, 3320 and 1632 cm , show1ng he 
nitrile group (from acrylonitrile) had undergone hydrolysis 
to the amide, and this was confirmed by a two-proton signal 
in the ~ n.m.r. at 85.80 removable by D20. The remaining 
IH n.m.r. signals (11 Hs) were in the aromatic region. 
The ultraviolet spectrum of (152, R=H) showed ~ax 
246 (log€ 4.18), 284 (4.66), 366 (3.9) and 446 nm (3.72). 
This may be compared with that of 3-phenylpyrrolo[2,1-a] 
isoquinoline-2-carboxamide (113, R=H), Which shows ~ax 
250 (log! 4.46), 256 sh., 298 (4.61), 381 (3.40) and 437 nm 
(3.45) 
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R 
(113) 
Confirmation of the molecular formula of (152, R=H) 
was provided by elemental analysis. 
We assume the mechanism of formation will be analogous 
to that we suggested previously for the pyrrolo[2,l-a]iso-
quinoline and the pyrrolo[l,2-a]quinoline formation. 
Michael type condensation of acrylonitrile with the anion 
(149) and cyclisation of the initial adduct leads to the 
intermediate tetrahydropyrrolo[2,l-a]phthalazine anion (150). 
Protonation of (150) by the t-butanol produced in situ, 
followed by aromatisation by loss of water and hydrogen 
cyanide gives the fully aromatic pyrrolo[2,l-a]phthalazine, 
as shown in Scheme C. Hydrolysis of the nitrile presumably 
results from production of water in the aromatisation step 
so producing hydrolytic conditions in the basic medium. 
The reaction was extended to prepare a series of 
derivatives of (152). These were obtained in good yields 
which are summarised in Table V. With 2-acetyl-l,2-dihydro-
phthalazine-l-carbonitrile (134, R=Me), the reaction was 
unsuccessful. This suggests that resonance stabilisation 
as provided by the aryl group is needed at some intermediate 
stage in the mechanism to benefit favourably the equilibria 
involved. 
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qQfi R ~ d-C-R > 
H CN 
CONH2 (134 ) (152) 
TABLE V 
Reissert compound hthalazine Pyrrolo [2, I-a] p Yield 
(134 ) (152) % 
R = C6H5 R=H 65 
R = 4-MeC6H4 R = Me 
R = 4-MeOC6H4 R = OMe 60 
R = 4-CIC6H4 R = Cl 65 
The pyrrolo[2,1-a]phthalazines (152) are 
variously coloured ranging from deep orange to brick red 
and are each spectroscopically similar to the pyrrolo[2,1-a] 
isoquinolines. The ultraviolet spectrum of (152, R=Me), for 
example, ~ax 255 (loge 4.39), 293 (4.75), 372 (3.85) and 
450 nm (3.72) compares with that of 3-(p-methylphenyl)pyrrolo-
2,1-a isoquinoline-2-carboxamide (113, R=Me) with Amax 
256 (logE 4.12), 294 (4.51), 369 (3.80) and 428 nm (3.83). 
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Our results thus establish a new and straightforward 
synthesis of the pyrrolo[2,l-a]phthalazine system and we 
have published these findings.91 
Pharmacology results were obtained for one of the 
pyrroloC2,l-a]phthalazines synthesised. This compound, 
3-(p-methoxyphenyl)pyrrolo C',l-a] phthalazine-2-carboxamide 
(152, R=OMe) has been shown to possess antihypertensive 
activity. 
Oral administration of (152, R=OMe) in rats resulted 
in a 13% reduction in mean arterial blood pressure after 
5 hours. Tests were carried out on rats treated with 11-
deoxycorticosterone acetate (DOCA) and maintained on ~ 
sodium chloride drinking solution. As discussed in Part It 
DOCA causes hypertension probably by a salt retention 
mechanism. 
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Part IV. 
lmidazo [s.l-a:! iSOQuinolines. 
As discussed in Parts I and 11, we have examined the 
condensation of Reissert anions with acrylonitrile. We 
subsequently set out to investigate condensation with other 
unsaturated systems. The previous choice of acrylonitrile 
was partly based on Boekelheide and Godfrey's original 
findings with isoquinoline Reissert anions in which they 
found that other~t?-unsaturated systems, mostly, did not 
give pyrrolo[2,1-a]isoquinolines, but gave mixtures or no 
pyrrolo [2, I-a] isoquinoline at all. 1 
(4) 
R 
-C-Ph 
N 
o 
" CH2CHCPh I 
X 
PhLi • 
dioxan 0;)1 ~ R ~ N-C-Ph 
. e 
NC 
1 
0;;1 ~ 0 . 11 ~ N-~-Ph 
NC CHZ,H 
X 
(108), X=2-pyridyl 
(109), x~Ott 
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· with 2-vinylpyridine and with ethyl acrylate condensation 
and initial cyclisation occurs. However, a subsequent 
alternative re-opening of the five-membered ring leads to 
isolation of the open-chain ketones (108) and (109).1 
Similar behaviour has been observed in reactions with 
isocyanates. 98 O-Benzoyl-N-phenylisoquinaldimidate ·(163) was 
obtained on condensation of phenyl isocyanate with the anion 
(160) of 2-benzoyl-l,2-dihydroisoquinoline-l-carbonitrile (4). 
The formation of (163) undoubtedly involves initial addition 
of (160) to the carbonyl carbon of phenyl isocyanate to form 
(161) which then gives (163) via a cyclic intermediate (162).98 
The gain in resonance energy accompanying the elimination-
rearrangement step probably provides an important driving 
force. 
11 00° ~ e -. C-Ph PhNCO ) 11 0;)0~ N-C-Ph 
NC NC C~_O 
I:' e 
• (160) (161) N I 
1 
Ph 
~ ?' 
0 ~ C-Ph 
11 I C-O 
-O-C-Ph 
" U N 
(163) I (162) I Ph Ph 
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A similar reaction occurs with I-naphthyl isocyanate 
giving O-benzoyl-N-(C(-naphthyl)isoquinaldimidate (164).98 
~N 0 
-O-H-Ph 
11 
N 
(164) 
In an attempt to prevent this type of rearrangement we 
decided to use Reissert compounds of the type (141) derived 
from chloroformates. 44 Such compounds possess a potential 
leaving group in alkoxy. 
11 (}QI-"';::: 0 ~ N-C-OR 
H CN 
(141) 
I 
R 
H i CN 
O=C-OR 
(14J) 
Use of such compounds may result in formation of a five-
membered ring incorporating the nitrogen atom at the bridge-
head as before. F.D. Popp et al.,44 report an example of this 
type. Treatment of an anion (165) with benzaldehyde gives 
the products shown in Scheme D under differing conditions. 
When n-butyl lithium at -JOoC was used to generate anion (165) 
the product was (166). 'Ilhen NaH/DMF ~t room temperature was 
employed, the products isolated were (167) and (168).44 
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N-C-OPh 
CN 
o 
11 
H-C-O-C-OPh 
I 
Ph 
1 
H-C-OH 
I 
Ph 
(168) 
0( 
_Scheme D 
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) 
1 
~f ~-I-OPh 
NC CH-O 
I 
Ph 
1 
~ ~N_(O 
NC CH-O 
I 
(166) Ph 
1 
Ph 
(167) 
------- --------- - ----------------------------- . 
As discussed in Part II, Reissert compounds of the types 
(141) and (14J, R~H)44 may be prepared in high yields by 
inclusion of a phase-transfer catalyst in the normal Reissert 
reaction. 90 
Using the Reissert cbmpoundN-methoxycarbonyl-J-methyl-
l,2-dihydroisoquinoline-l-carbonitrile (169), we attempted a 
condensation of its anion (170) with phenyl isothiocyanate, 
PhNCS, using sodium hydride in dimethylformamide at OOC. In a 
preliminary examination of the reaction, V.Harutunian81 
obtained a yellow solid which he did not identify. 
On repeating the reaction we obtained a yellow crystalline 
compound m.p. 167-168oc in 5810 yield. Mass spectral and 
elemental analysis gave a molecular weight of JJl and analytical 
data which corresponded to the molecular formula Cl9fflJNJOS. 
Of particular interest, however, was the absence of MeO signal 
in the n.m.r. spectrum suggesting attack at the amide carbonyl 
carbon of (170) and displacement of the methoxy group. 
From the molecular weight obtained, there was little 
doubt that condensation had occurred. In common with the iso-
cyanate case discussed above, initial reaction probably involves 
addition of the anion (170) to the thiocarbonyl carbon of phenyl 
isothiocyanate to form the resonance stabilised anion which 
could be represented by (l71a) or (171b). Involvement of the 
carbamoyl group at this stage could lead to several possible 
structures. Nucleophilic attack by nitrogen on the carbonyl 
carbon could lead to the tetrahydroimidazo[5,l-~isoquinoline 
(17Ja) or (172). The latter clearly was not formed (m.wt. data etc.). 
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The former (l73a) may be given, since our yellow product 
included a nitrile absorption at 2240 cm-1 in its i.r. spectrum 
and the molecular weight, 331, and analytical data correspond. 
NC 
Nail 
(169) 
e 
f +E--
N-C-OMe 
I 
C-N-Ph 
11 
S 
10£ N~O 
A--}.Ph 
(l73a) 
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e 
NC 
(170) 
e 
o 
11 
N-C-OMe 
PhNCS 
NC 
(171a) 
e 
C-N-Ph 
11 
S 
e 
o 
11 
-N-C-OMe 
I 
Ph 
(172) 
Alternatively, attack of the carbamoyl carbon by 
the sulphur in (l71b) could lead to the thiazolo[4,J-a] 
isoquinoline (l7Jb) or the open chain compound (176). The 
latter is again excluded on molecular weight data but the 
former (17Jb) could be the product isolated as it has the 
same molecular formula as (17Ja), Clg!I13N3°O' The infrared 
spectrum also included a remarkably high carbonyl absorption 
at 1780 cm-I (strong intensity) and bands at 1650 (medium-
weak) 1600 (weak) and 1142 cm -1 (medium). If structure 
(l7Ja) is correct, these last three bands could be assigned 
to the 5,6-c=e, aryl C=C, and C=6 respectively. Equally, 
if (l7Jb) is correct, the 1650 cm-l band could correspond 
to C=N (with the C=C at 1600 cm-I) and the 1142 cm-l band 
could simply be an "unassignable" band of the multitude 
which occur in the fingerprint region (1600-1000 cm-I) of 
most i.r. spectra. 
Cyclisation by sulphur attack to give (l7Jb) would 
be analogous to the oxygen attack observed in the phenyl 
isocyanate case, PhNCO, discussed above, i.e. (175) compares 
with (162) (P. 72). 
Formation of (l73a) equally could be rationalised 
since this would involve addition across the C=N moiety 
of the isothiocyanate, which is the usual course of events 
in (open-chain) addition reactions. 99 
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C_s6 
11 
N 
I 
Ph 
(17l b) 
e 
o 
c-s-H-oMe 
11 
N 
I 
Ph 
(176) 
NC 
I 
e 
o 
I 
N-C-OMe 
I 
C-S 
11 
N 
I 
Ph 
(17.5)' 
1 
Ph 
(l73b) 
It was hoped a literature search would provide 
analogues which incorporate the five membered ring system 
present in (173a) and that in (173b). However, this was 
somewhat unrewarding. It was the requirement of the combin-
ation of the quaternary carbon at position-lOb with the two 
exocyclic double bonds at positions-l and 3, c=s and C=O in 
(173a) and C=NPh and c=o in (173b), which proved elusive. 
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The nearest imidazo system we could locate, which 
reported infrared data, was that of the monocyclic 1,3-
dimethyl-5,5-diphenyl-4-thiohydantoin (177).100 As a pellet 
in KBr, this shows C=O absorption at 1755 cm-I. 
~~'r0 Ph ..... 1-N 
S 11 "-Me 
(177) (178) 
The 3-methyl-5,5-diphenyl-4-thiohydantoin analogue (178) 
shows c=o absorption at 1765 cm-l in its unassociated form. 100 
Neither corresponds to our value of 1780 cm-l for the yellow 
compound (173), but the values, nevertheless, are high in terms 
of normal carbonyl absorption. 
Very little is known in the chemical literature of 
either of the fused tricyclic ring systems. Subsequent to 
our work, a recent patent has appeared on the 3H-thiazolo-
~,3-aJisoquinoline (180) obtained by reaction of the tetra-
hydroisoquinoline (179) with potassium thiocyanate. lOl Several 
derivatives of (180) were found to be effective in treatment 
of angina. 
O?H 
Br-C 
I 
CN 
(179) 
KSCN ) 
reflux, aq.alc. 
4hr. 
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NC 
(180) 
However, no examples could be found of compounds with 
the type of SUbstitution present in either (l7Ja) or (173b). 
A study of mass spectrum of the yellow product (173) 
showed a fragmentation pattern which could be correlated 
with the tetrahydrothiazolo[4,3-a]isoquinoline structure (l7Jb), 
giving peaks at 331 (62%), 316 (16), 305 (13), 299 (2), 274 
(B), 245 (3), 21B (4), 197 (11), 186 (30), 16B (71), 142 (4B), 
135 (100), 115 (27), 77 (25), 51 (20) and 39 (11). 
These results could be rationalised in part as shown 
in Scheme E. The base peak mle 135 corresponds to the elements 
PhNCS. This fragment could, however, arise from either.of 
the structures (173a) or (173b). The fragment mle 245 can 
best be explained as originating from fragmentation of the 
thiazolo ring by loss of the elements COS. For this to occur 
from the imidazole structure would require a complex rearrange-
ment. It was noted, however, that fragment mle 245 was present 
in a relative abundance of only 3%, and so could indeed 
possibly result from some minor pathway involving rearrangement. 
It would clearly be tenuous to rely on this minor fragment as 
a major piece of evidence in structure proof. 
The intense peak at mle 16B (71%) corresponds to loss 
of the elements PhNC20S i.e. fragmentation of the five-
membered ring from the cyanoisoquinoline moiety. As with the 
base peak, however, this can again occur from either of the 
possible structures (173a) or (173b). 
-BO-
G:6H5NCS J+ 
,m/e 1J5 (100) 
+ 
m/e 196 (neutral) 
1 
Me + • 
m/e JJ1 (62) 
m/e J16 (16) 
Me + 
. 
) 
CN 
m/e 168 (71) 
-PhNCS (-lJ5) 
-co (-28) 
-CN ) (-26) 
Scheme E 
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Me 
+ /.: N't0 
S 
m/e J05 (13) 
- cas 
(-60) 
Me 
N-Ph 
m/e 245 (J) 
Hence, though the fragments may tentatively be more 
readily explained from the thiazolo ring structure, the 
results could not be considered,as conclusive by any means • 
. 
A sample of the compound was then submitted to the Physico-
Chemical Measurement Unit (PCMU) at Aldermaston to obtain 
a spectrum on a more sensitive instrument. Als~ accurate 
mass measurements of selected fragments e.g. mle 331, mle 
305 and mle 245 could be determined and a search made for 
metastable peaks to verify fragmentation patterns. 
Results obtained confirmed the molecular formula as 
Cl<}l13N3a3,J3L 0776 which corresponds to a molecular 
weight of 331.0780, but showed a base peak of mle 186 and 
not as originally observed, mle 135. The fragment mle 245 
was again present in only 3%. The major fragment ions were 
331 (33%), 316 (16), 305 (48), 274 (13), 245 (3), 186 (100), 
168 (30), 142 (48), 135 (42), 115 (27), 77 (8) and 28 (49). 
Variations in relative abundance of fragment ions 
frequently occurs in mass spectra. The intensities are 
affected by several factors, including the operating vol,tage 
and the probe temperature. Although the former was the same 
for the two machines (70 eV.) there is no guarantee that 
probe temperatures were the same and this information is 
not recorded. 
The observed variation in peak intensities, however, 
made us pay more attention to the imidazo B,l-aJ isoquinoline 
structure, for the 'following reasons. The base peak mle 186 
corresponds to the loss of elements PhNCO from fragment mle 305 
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or loss of PhNCO and CN from the original compound m/e JJl. 
This can be readily derived from the tetrahydroimidazo 15,1-~ 
isoquinoline structure (17Ja), as illustrated in Scheme F. 
It is equally most difficult to see how it could arise from 
(173b). Also of particular significance is the fragment m/e 
142, corresponding to loss of the elements CS from the base 
peak m/e 186. 
m/e JJl (JJ) 
\-CN 
\<-26) 
_~i~e 
~X\\ 
+ 
Me 
(-196) 
(neutral not 
seen) m/e J05 (48) 
(-15J) 
CN 
m/e 168 (30) 
Me 
S 
m/e 185 (100) 
I-CS (-1+4 ) 
~e 
~d 
+ 
m/e lJ5 (42) m/e 142 (48) 
[CO]+ (and/or N2) 
m/e 28 (49) 
-Scheme F 
-8J-
These deductions were supported by further studies on 
fragment ions. The ion at mle 305 has an accurate mass 
305.0749, CIsRl3NZOS requires 305.0749. By use of an inverse 
Nier-Johnson mass spectrometer~Z in which accelerating ions 
are first passed through a magnetic field, fragmentations 
could be confirmed. Thus, only ions having a mass 'set' by 
the magnet, reach the second field-free region. Decomposition 
in this region generates daughter ions whose origin can be 
characterised physically. 
In a search for the daughter ions, the electric field 
of the mass spectrometer is de coupled and varied. At the 
primary potential Ul of the electrostatic field, the precursor 
ion passes through this field with kinetic energy Mlv2lz. 
When a decomposition occurs, the kinetic energy becomes 
divided between the daughter ion and the neutral particle. 
The daughter ion retains the velocity of the precursor ion 
almost completely, but its kinetic energy is now smaller 
because of its smaller mass. Thus it cannot pass the 
analysing electric field under the same conditions as the 
precursor ion but only at a lower field strength. 
In practice, therefore, the primary deflection 
potential Ul is successively reduced and, on appearance of 
a peak at the detector, the corresponding potential, Uz 
of the electric field is measured. By scanning of the whole 
energy region, all the daughter ions formed from one mother 
ion in the second field-free region, can thus be found. 
The mass of the daughter ions can be calculated from the 
relation:-
-~-
-----------------------------------------------------
Mdaughter ion = Mmother ion 
Using this principle, often referred to as "direct 
analysis of daughter ions" (DADI) , the base peak m/e 186 
was shown to arise directly from both m/e 331 and m/e 305, 
corresponding to loss of PhNCO from m/e 305 or loss of 
PhNCO and CN from m/e 331 as shown in Scheme F. Accurate 
mass measurement of the fragment m/e 186 gave 186.0377, 
CIIH8NS requires 186.0378. 
Further evidence in support of the tetrahydroimidazo-
C?,l-~isoquinoline structure (l73a), came from an examination 
"of the products obtained on its alkaline hydrolysis. Initial 
attempts at hydrolysis using 90~ sodium hydroxide in aqueous 
dioxan, led to isolation of a colourless crystalline compound 
m.pt. 135-137°C. It showed i.r. bands 3310 and 1668 cm-l 
interpreted as a secondary amide, CONHR, which was supported 
by an exchangeable broad NH type signal at 89.6 in the n.m.r. 
Also present were 10 protons in the aromatic region and a 
three proton singlet at 82.72. The mass spectrum shows the 
molecular ion ,at m/e 262 and this data suggests the product 
is 3-methyl-N-phenylisoquinaldamide (184), also in accord 
with analytical data. 
The identity of (184) was confirmed by an independent 
synthesis from 3-methylisoquinaldic acid (182). Reaction 
of the acid chloride (183) with aniline, gave 3-methyl-N-
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phenylisoquinaldamide (184) identical to the hydrolysis 
product above with respect to mixed melting point and i.r. 
and n.m.r. spectral comparison. 
Me 
ff 
N-C-Ph 
H CN caOH 
(181) 
( 
C=O COCl 
I 
NH 
I (183) 
Ph 
(184) 
3-~lethylisoquinaldic acid (182) was obtained by acid 
hydrolysis of N-benzoyl-3-methyl-l,2-dihydroisoquinoline-
l-carbonitrile (181). This type of reaction has been used 
as a method for the conversion of acids or acid chlorides 
to the corresponding aldehydes via a Reissert compound.? 
The Reissert compound, synthesised from isoquinoline (or 
quinoline) and the acid chloride, gives, on hydrolysis, the 
corresponding aldehyde leaving a carboxyl group at the 
I-position of the isoquinoline ring (or 2-position of the 
quinoline ring). Isoquinoline-l-carboxylic acid has been 
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obtained in high ~ield by this method. 10), 104 A proposed 
mechanisml05 for the hydrolysis is shown. 
e 
Nd c- Ph ) 
~J 
~ 
(181) 
Me e 
"'-:N~Ph H2O /-N\(:h , 
H2N r7,H o H 
0' H 
HN 
(186) 
(187) 
1 
e e 
) 
c=o COOH 
I 
NH2 (182) 
(188) 
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Formation of the anilide (184) on alkaline hydrolysis 
might appear to support the thiazolo[4,3-a] isoquinoline 
structure (173b). Base attack on the phenylimino function 
could result in opening of the five-membered ring. 
Fragmentation of the thio-acid (189) by loss of carbonoxy-
sulphide, COS, and cyanide would give 3-methy1-N-phenyl-
isoquinaldamide (184). 
1 
Me 
-..-:: eO 
( 11 .r::\ O~-S-H 
-O-H 
=0 ~) I 
NH I I 
Ph Ph 
(184) (189) 
-8S-
However, when the hydrolysis was repeated under milder 
conditions, with 30% aqueous sodium hydroxide solution in 
dioxan at room temperature for 12-15 hours, its progress 
followed by t.l.c. showed that 3-methyl-N-phenylisoquinald-
amide (1&+) was not the only product formed. Separation of 
the products by careful column chromatography on neutral 
alumina gave two additional compounds. One of these, isolated 
as yellow rods m.pt. 194-195°C showed no carbonyl absorption 
in the i.r. spectrum. Absorption bands at 3200, 1490 and 
1380 cm-I, however, in addition to n.m.r. data indicated the 
thioanilide (190). 
Me 
(190) 
Analytical and mass spectrum analysis also produced 
figures in agreement with the molecular formula Cl7H14N2S 
corresponding to 1-(N-phenylthiocarboxamide)-3-methyliso-
quinoline (190). 
The mass spectrum analysis gave a base peak at 
m/e 277 corresponding to Cl7H13N2S, i.e. an (}!-:iJ + fragment 
The molecular ion at m/e 278 (61%) suggests a labile 
hydrogen present. Principal fragments obtained Here as 
follows: 278 (61%), 277 (100), 245 (44), 186 (6), 175 (28), 
142 (50), 115 (33), 103 (20), 77(11). (See Scheme G). 
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III 
N+ 
b 
Scheme G m/e 245 (44) 
A useful piece of evidence was provided when it. was 
then shown that the thioanilide (190) could be hydrolysed 
to the anilide (184) under conditions of the previous 
hydrolysis (30% NaOH). The product obtained had melting 
point, i.r. and n.m.r. spectra identical to the authentic 
sample. 
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Me e 
30% NaOH , 
c=s c=o 
I I 
NH NH 
I I 
Ph Ph 
(190) (184) 
These results Hould suggest that hydrolysis of 
compound (173) produces first the thioanilide (190) Hhich 
undergoes further hydrolysis to the anilide (H34). 
Formation of these products can be readily explained from 
the tetrahydroimidazo [5,l-a] isoquinoline structure (173a) 
by base attack at the hydantoin carbonyl carbon. Decarbox-
ylation accompanied by loss of cyanide Hould give the 
thioani1ide (190) Hhich is hydrolysed further to the 
anilide (184). 
) 
1 
Me Me 
c=s 
I 
NHPh 
(184) (190) 
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It was recognised, however, that hydrolysis of the 
tetrahydrathiazo1o~,3-aJisoquino1ine (l7.3b) can also lead 
to the thioanilide (190) as shown below. Such a process 
would seem to be less likely, however, since the pheny1-
imino function might be expected to be more susceptible to 
nucleophilic attack than the thiohydantoin carbonyl carbon. 
Attack of the pheny1imino function would lead to the anilide 
only, as previously discussed. 
Me 
Ni "'--G 
OH 
Ph 
(l7.3b) 
Me 
( 
C=S 
I 
NH 
I 
Ph 
(190) 
) 
Me?~ 
N-C-OH 
NC C r~ 
Ph-~J 
1 
Me 
"'" 0 
11 n 
.b""'C-O-H 
C=S 
I 
NH 
I Ph 
As previously mentioned, a third product was isolated 
from the original hydrolysis of (173). This was an intense 
purple compound showing u.v. absorption in the visible 
region at 490 nm. Accurate mass determination indicated 
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a molecular weight of 306. This was principally based on a 
strong [M-i]+ peak at 30.5.0747 corresponding to ClaH13N2Cl3 
(requires 30.5.0749). The 306 peak had an abundance of 3~ 
relative to the 30.5 peak intensity. This value, however, 
could be partially accounted for by natural isotopic 
abundance. 
Compared with the parent compound, this suggests loss 
of CN and gain of H, hence hydrolysis of the cyano group 
followed by decarboxylation. Two possible structures can 
again be proposed depending on the structUre of compound 
(173) viz (191) and (192). In each case tautomerism may 
be possible, (191a and b) and (192a and b). It is not 
immediately obvious which forms would predominate as each 
receives some benefit from resonance. 
Me 
0I0HgO 
N'f0 
S N'Ph 
(l73a) (191a) 
H 
(191b) 
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Me 
Ph-RN 
(192a) 
(l7.3b) H 
(l92b) 
Elemental analysis produced figures in agreement with 
the molecular formula ClaH14N206 corresponding to either 
(191) or (192). However, as in the case of (17.3) the 
mass spectrum fragmentation suggests the tetrahydroimidazo-
15,1-~ isoquino1ine structure (191). Ions detected were as 
follows I 306 (2Q%), 305 (60), 245 (5), 228 (5), 214 (3), 
186 (100), 152 (10), 142 (50), 138 (15), 116 (13), 115 (23), 
85 (10) and 83 (15) •. 
Of particular interest are the abundant peaks at 
m/e 306, m/e 305, m/e 186 and m/e 142. The base peak m/e 
186 corresponds to loss of PhNCO and R from the parent ion 
m/e 306. Such a fragmentation cannot be readily explained 
from the thiazolo[!i.,3-eJisoquinoline structure (192). As 
mentioned above, a mass spectrum of the parent yellow 
compound (17.3) also showed a base peak m/e 186 suggestiJi'g 
analogous structures and fragmentation. 
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+ 
Me 
-H ) + 
N'f0 ..-:::N'f0 
I N N, 
HS . 'Ph Ph 
m/e J06 (20) m/e 305 (60) 
1 -PhNCO (-119) 
ac;r~ ~ I hN -cs ( (-44) 
m/e 142 (50) 
m/e 186 (100) 
AssUJlling the tetrahydroimidazo [5,l-~ isoquinoline 
structure compound (191) would be expected to display 
thioketone (191b) - thioenol (19la) tautomerism. 
When there is a possibility of tautomerism between 
thiol and thione forms, the thione form has usually been 
;ound to predominate in the solid state. l06,l07 Compounds 
exemplified by 2-mercaptobenzothiazole (192), and I-thio-
carbamoylimidazolidine-2-thione (193) exist in the crystal 
as the tautomers containing the thione groups, as is shown 
8 from X-ray studies. lO Available evidence also points to 
the predominance of the thione over the thiol form in the 
liquid state and in solution. For example, the thiopurines 
(194) and (195) _have been shown to exist mainly as the 
thione in neutral solution by ultraviolet and infrared 
spectroscopy.l09-1l3 
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S F2 )l.. /c~s 
H1---h 
(192) 
(193) 
s 
::1-J0-· 
I 
H 
H H 
~:r-j)=s HANJl, 
H 
(194 ) (195) . 
However, in certain cases when the protons adjacent 
to the sulphur-bearing carbon atom are quite labile, thioenol 
106 forms are observed. For example, (196) and (197) have 
been shown to exist as thioenol forms from the results of 
p.m.r. studles.114,115 
(196) 
H IT----rr' H 
H,..tlS ~SH . c 
(197) 
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The ior. spectrum of compound (191) displays carbonyl 
absorption at 1710 cm-l compared to the parent cyano compound 
(17.3) which shows CaO at 1780 cm-I. This fall in wavelength 
absorption would suggest a change in saturation of the 
imidazo ring on removal of the cyano group, hence the thioenol 
form (191a). Also the u.v. shows a shift to longer wave-
length, the colour being purple. No definite conclusion, 
however, could be drawn in view of the very weak absorptions 
in the region 2600-2500 cm-l (SH) or from the band of medium 
intensity at 1148 cm-I (C=s) in the infrared. 
The purple compound, showing no nitrile absorption in 
the infrared spectrum, was also isolated from a repeat run 
of the original condensation. 
Use of N-methoxycarbonyl-1,2-dihydroisoquino1ine-1-
carbonitrile (198) wlth-pheny1isothiocyanate gave two 
products I a yellow compound (199) in 35% yield, some of 
which had undergone hydrolysis and decarboxylation to (200) 
present in 25% yield. 
(Q-H-OMe 
H CN 
(198) 
(200) 
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Compounds (199) and (ZOO) gave analytical and mass 
spectral analyses in agreement with the molecular formulae 
ClaRnNzOO and C17l1zNZOO respectively. Alkaline hydrolysis 
of (199) by 30% aqueous sodium hydroxide in dioxan at room 
temperature overnight, gave N-phenylisoquinaldamide (ZOl). 
The identity of· (ZOl) was confirmed by independent synthesis 
from 1soquina.ldic acid (Z02). We attempted to make the 
latter compound by the scheme shown but experienced difficulties 
with the nitrile hydrolysis step and a sample of (ZOZ) was 
then purchased commercially. 
ro PhSOZC1/KCN ::-... ..-: N ) H2O 
!NaH/XYlene 
cy I CD? ::-... ..-: N ::-... ;:: N 
COOH CN (202) 1 SOCIZ then PhNHZ 
cy ::-... ;::N ( 30% NaOH 
N, c=o S I Ph 
NHPh 
(199) 
(ZOl) 
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----- -_. 
In common with the formation of (200), we found that 
condensation of the Reissert compound (198) with methyl 
isothiocyanate gave the N-methyl analogue (203). In this 
case formation of the analogous cyano compound (204) was 
not observed. 
The fact that the 3-methyl Reissert analogue (205) 
was found to give the cyano. compound (206) in good, yield, 
suggests involvment of the 3-methyl group at some stage in 
the mechanism. In the Reissert compound (205), c=o twisting 
out of plane would result in less amide stabilisation. 
Increased carbonyl character and hence electrophilicity 
of the carbonyl carbon WOUld, in effect, promote faster 
cyclisation. 
11 CQI ~ 0 ::::-.. N-C-OMe 
H CN 
(198) 
Me 
o 
" N-C-OMe 
(205) 
MeNCS » 
NalI/Dl1F 
(204) 
NaHD~lF ' 
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(203) 
(206) 
The mass spectrum fragmentation of compounds (200) 
and (203) follow a similar pattern to those previously 
discussed. Again, the results can be more readily inter-
preted from the imidazo[5,l-~isoquinoline structures as 
shown in Scheme H and Scheme I. As in the case of compound 
(191), the molecular weight or highest m/e obtained corresponded 
to [M-l]+ suggesting a very labile hydrogen. 
Of particular interest is the occurrence of the same 
base fragment ion m/e 172 in the mass spectrum of both of 
these compounds. Moreover, the analogous fragment, m/e 186, 
was observed as the base peak, not only in the mass spectrum 
of (191), but also in that of compound (173). This would 
suggest fragmentation of a phenyl isothiocyanate (or methyl 
isothiocyanate) molecule from these compounds, which is more 
likely to occur from the imidazo[S,l-a]isoquinoline ring 
system. 
+ 
. 
N'f0 
I N 
HS '-i>h 
m/e 292 (13) 
ro ~ ....::N ~ 
+ 
m/e 128 (72) 
-H , 
-cs 
(-44) 
Scheme H 
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+ ~NyO 
N, 
Ph 
m/e 291 (34) J -PhNCO (-119) 
S 
m/e 172 (100) 
Three imidazo~,l-aJisoquinolines have been obtained 
(191, 200 and 203) as described above, in which the 10b-CN 
group is absent. In each case, no molecular ion is observable 
in the mass spectrum, only the [M-J;:t peak. A repeated 
spectrum run by PCMU on (191) and (203) showed that a higher 
molecular weight ion was also present corresponding to a 
dimer of (191) or (203) less Ht', i.e. C36~6N402S and 
C24H18N402S respectively. These have m.wts. 578.1777 and 
426.1151 respectively (Found I M+ 578.1789 and 426.1151). 
A likely structure for the compounds is (207, a-Me, R-Ph) 
I 
or (207, R-H, R-Me). 
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The formation of (207) probably occurs as followe 1-
) 
Cleavage of an S-C bond in (207) in the mass spectrum 
would then give the fragments described above asl}!-lJ+ and 
j}!-:n]+, both present in the mass spectra of (191) and (20:3). 
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Since our elemental analysis figures are in accord 
with the monomeric structures (191) and (203) and not with 
the dimers-HZS, (Z07) , we prefer to assign the monomeric 
form to the compounds isolated. This suggests that the 
presence of the dimer-HZS ions in the mass spectrum must 
be due to traces of such compounds as impurities in the 
monomeric samples or, alternatively, some dimerisation and 
loss of HZS occurring whilst the monomer is being heated on 
the mass spectrometer probe. 
Final evidence for the formation of 5-methyl-3-oxo-
Z-phenyl-l-thio-l,Z,3,lOb-tetrahydroimidazo l3,l-~ iso-
quinoline-lOb-carbonitrile (l73a) on condensation of the 
Reissert compound (169) with phenyl isothiocyanate, was 
obtained trom carbon-13 studies. A broad band de coupled 
13C n.m.r. spectrum of the yellow product (173), included two 
signals of particular interest at 190.3 and 151.7 ppm. 
downfield from TMS. The other signals obtained were upfield 
from 133 ppm. The signals at 190.3 and 151.7 ppm. remained 
as singlets in the off-resonance de coupled spectrum showing 
them to be carbons not carrying hydrogen atoms. They were 
also weak in intensity since C-H relaxation phenomena could 
not occur. 
In general spZ carbons appear at low field (200-100 ppm) 
then come sp carbons and finally at highest field sp3 
hybridised carbons. Benzene abeorbs at 128.5 ppm.1l6 The 
cluster of peaks we observe in the spectrum of (173) between 
123 and 133 ppm are most likely to be C-C carbons. The two 
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at lower field, 151.7 and 190.3 ppm are therefore due to the 
C-X group where X is either 0, S or N. 
Ph 
(l73a) (173b) 
o 
/I A likel~ assignment is of the 151.7 ppm band to N - C - N 
in (l73a) and 190.3 ppm to the caS in (l73a). The former 
compares with the carbonyl carbon of urea, NHZCONHZ' at l6l.Z 
ppml17 and the latter with the thiocarbonyl carbon in thio-
acetanilide, MeCS.NHPh, at 200.4 ppm. 118 Also the hydantoin 
derivative (Z08) shows the NCON carbon at 157.1 ppm.120 
H 
Me 
o 
11 
N-C-SEt 
CN 
(Z09) 
CHZOH ~1-t 
o 
(208) 
However, since C=N carbons appear in general between 
160-145 ppm;19 the thiazolo[4,3-a] isoquinoline (l73b) may 
remain a possibility. A model was required for the thiazolo 
carbonyl carbon's environment. This was provided by the 
Reissert compound (Z09) which was available in the Department.12l 
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This showed a carbonyl shift at 167 ppm, i.e. well 
removed :from 190.3 ppm shown by (173). We therefore assigned 
the signals at 190.3 and 151.7 ppm to the thiocarbonyl and 
carbonyl functions of structure (l73a) respectively, as 
shown in Table VI. 
Chemical shifts in the region 193-228 ppm is character-
istic of thiocarbonyls.122 The signal at 190.3 ppm is very 
close to that of carbon disulphide Which occurs at 193.7 ppm. 
Also. most carbonyl compounds except aldehydes and ketones 
show chemical shift values below 180 ppm. 122 Hence. though 
the signal at 151.7 ppm may be assigned to CaN of structure 
(l73b). that at 190.3 ppm would not be expected :from a 
carbonyl function. 
With respect to most of the other signals, assignments 
were made based on reported values of chemical shifts of 
isoquinoline compounds,123 and comparison with the spectrum 
of compound (209). Signals at 114.9 and 124.6 ppm showed no 
coupling in the off-resonance decoupled spectrum and were 
assigned to the cyano carbon and C-5 respectively. Similarly 
those obtained at 131.2 and 132.8 ppm in the aromatic region 
showed no coupling and may therefore be assigned to carbons 
at the fused ring junction. 6a and lOa. In contrast, the 
signals at 115 ppm (c-6) and 19 ppm (C~) showed as a doublet 
and quartet respectively in the off-resonance de coupled " 
spectrum. while that at 66.1 ppm (lOb-C) was unsplit. 
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TABIE VI 
l)C Chemical Shifts (ppm downfie1d from T MS) • . . . 
<\C=S 
N C N 
!\.C=O 'C=S 'C=O 'C=O 
N' N/ N" N" g 
~ ::;; " 17)a ~ I N 0 190.) - - 151.7 -N . S 'Ph' 
~e ::;; " 209  I -COSE 
- - - - 167 
H N 
210 ):Y' 18).6 - - 148.0 -N, 
S Ph 
211 y-y 182.5 17).6 - - -
S N'Ph 
212 t;;;r' - - 151.7 147.5 -
o 'Ph 
21) 9-1' 185.) - - 149.0 -
S 
214 9-t 18).1 173.5 - - -
S 
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Since carbon-lJ data on closely related ring systems 
with substituents as in (l7.3a) could not be found in the 
literature. we synthesised a series of known compounds of 
related structures. Comparison of the carbon-lJ spectra 
of these compounds with the spectrum of the yellow product 
(17.3). confirmed our assignments of signals 190.J ppm (C-S) 
and 151.7 ppm (C=o) in support of structure (177a). These 
results are summarised in Table VI. 
The carbon-lJ spectrum of 2-phenylpyrrolo[1.2-c]-I-
thiohydantoin (210) showed chemical shift values of 183.6 
and 148.0 ppm. The signal at 183.6 ppm could be assigned 
with certainity to the thiocarbonyl group by comparison with 
2-phenylpyrrolo [1.2-c]dithiohydantoin (211). Conversely, 
that at 148.0 PPIII may be assigned to the carbonyl function 
by comparison with 2-phenylpyrrolo[l,2-c]hydantoin (212). 
The upfield shift of 6.7 ppm in the C-S absorption in going 
from (l7.3a) at 190.J to (210) at 183.6 ppm, is due to the 
introduction of an sp2 carbon adjacent to COS in (210). 
A similar effect occurs in carbonyls, and can cause 
an upfield shift of as much as 10 ppm.124 For example, 
the carbonyl carbons of methyl ethyl ketone '. Meco.cHzCHJ , 
and methyl vinyl ketone, MeCO.CH=CH2' appears at 207.2 and 
198.1 ppm respectively. 125 
This excellent correlation is in agreement with our 
assignments of the signals 190.J ppm (C-S) and 151.7 ppm 
(C=o) and hence confirms the tetrahydroimidazo[5.l-e;] iso-
quinoline structure (l7.3a). 
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The thiohydantoins (210) an.d (211) were synthesised 
as shown. Treatment of 2-pyrro1ethiocarbanilide (216) 
with phenyl isocyanate in triethylamine gave 2-phenyl-
pyrrolo[l,2-c]-1-thiohydantoin (210) which was converted to 
the dithiohydan.toin (211) with phosphorus pentasulphide.126 
9NH 
C 
0-7 "NHPh 
(217) 
PhNCS 
o 110-115 C, 72h. 
reflux, xylene 
2PhNCO ~ 
NEt; 
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ryNH 
C 
S-:::' 'NHPh 
(216) 
2PhNCO 
NEt; 
(210) 
xy 
o 'Ph 
(212) 
2-Pheny1pyrro1e [1,2-cJ hydantoin (212) was similarly 
obtained by treatment of 2-pyrro1ecarboxani1ide (217) with 
two moles of phenyl isocyanate in presence of triethy1amtne. 127 
2-Pyrro1ecarboxani1ide (217) was prepared by condensation 
of pyrro1e with phenyl isocyanate. 130 
Also included in Table VI are the N-unsubstituted ana1-
ogues (213) and (214). These were prepared as shown below. 
N-Ethoxycarbony1pyrro1e-2-thiocarboxamide (218) was obtained 
in high yield by reaction of pyrro1e with ethoxycarbony1 
isothiocyanate. 129 Heating (218) in quinoline results in 
cyc1isation to2-thiopyrro1e-1,2-dicarboximide (213). 
Treatment of (213) with phosphorus pentasu1phide gives 
pyrro1e-1,2-dithiodicarboxamide (214).178 
0 SCN-COCEt ) ? S~ 'NHCO Et 2 
(218) 
lMat 
:it ( P2SS :?,!O 
S 
(214) (213) 
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The infrared spectrum of compound (210) displays C-O 
-1 -1 128 absorption at 1780 cm and a band at 1135 cm assigned 
to C-S. This is in pleasing agreement with our compound 
(l73a) which shows identical C-O absorption at 1780 cm-1 
and a band of medium intensity at 1142 cm-1 (C-S), so adding 
further support of the imidazo structure (l7.3a). 
In contrast, most simple thiazo1idinones related in 
structure to (l7.3b) show131 carbonyl absorption at lower 
frequencies I 3-(2-mercaptoethy1)-2-thiazo1idinone (219) 
shows132 C-O stretch at 1670 cm-I, and at 1690 cm-1 in 
compound (220).133 Compounds (221) and (222) show carbonyl 
stretching frequencies at 1685 and 1695 cm-1 respective1y.134,135 
(S)=O 
jH2CH2SH 
(219) 
Ph 
11eo-o-'\ ~ /H N-Ph 
- l'-i 
S~N ....... 
11 Me 
o 
(221) 
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'(7 0 
\:H2CH2CONH2 
(220) 
Ph-CH N-Ph 
H 
S NH 
Y 
(222) 
It may also be noted that alkaline hydrolysis of 
2-phenylpyrrolo D.,2-g] -3-thiohy<iantoin (210) with 10% 
aqueous KOH in ethanol results in 2-pyrrolethiocarbanilide 
(216)126 in common with the behaviour of (17,3) as 
described above. 
KO]{ 
(210) (216) 
All the evidence accumulated in our study of this 
system clearly confirms formation of the imidazo[5,l-~iso­
quinoline in preference to the thiazolo N,3-~ isoquinoline. 
Using Reissert compounds of type (223) derived from methyl 
chloroformate, several condensations were carried out with 
both methyl and phenyl isothiocyanate. In all cases, 
cyclisation and loss of MaO was found to occur. The compounds 
obtained by this reaction are summarised in Table Vll. The 
findings therefore provide a new and simple route to the 
imidazo [5,l-~ isoquinoline system. 
Compound (17,3) showed antihypertensive activity in 
tests carried out by Reckitt and Colmann. Oral administration 
of 100 mg/kg resulted in 12.3% reduction in mean arterial 
blood pressure in rats treated with Il-deoxycorticosterone 
acetate (DOCA). 
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H 
I 
lb 
11 N-C-OMe 
CN 
(223) 
, (224) R' 
a. Me 
b Me 
c Me 
d H 
e H 
f H 
RNCS 
NaH/DMF 
) 
(224) 
TABIE VII 
R i' Yield % 
Ph CN 58 
Ph H 17 
Me CN 55 
Ph CN 35 
Ph H 25 
Me H 38 
Condensation of phenyl isothiocyanate with Reissert 
anions derived from quinoline and phthalazine was also 
briefly a.ttempted. However, the lepidine Reissert compound 
(225) failed to give any condensation product. Similar 
behaviour with phenyl isocyanate has been reported. 98 
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Me 
N 
I 
O=C-OMe 
(225) 
With the corresponding phtha1azine Reissert compound 
(226) condensation was observed. However, the product was 
shown to be the open chain structure which had failed to 
undergo further c,yc1isation. 
~I "N 0 , 11  N-C-OMe 
H CN 
PhNCS OQI "N 0 , 11 ~ N-C-OMe 
NC C=S 
NaH/DMF 
I NHPh 
(226) (227) 
The presence of a strong MeO signal at 83.95 in the 
n.m.r. spectrum and C=O absorption at 1730 cm-1 in the i.r. 
showed that the N-methoxycarboy1 group was unreacted. The 
mass spectrum, however, gave m/e 350 indicating that 
condensation had occurred with phenyl isothiocyanate and 
this was supported by elemental analysis corresponding to 
ClaH14N400. The infrared spectrum also showed eN at 
2250 cm-1 and NH at 3220 cm-l in support of structure (227). 
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The behaviour of phenyl isothiocyanate in the Edman 
reaction136 used in protein sequence determination,137 
although in acid conditions, provides an interesting analogy 
to our work. The proposed mechanism for this reaction 
involves initial formation of a thiazo1one (229) on acid 
catalysed cyc1isation of the N-pheny1thiocarbamoy1 (228) 
and cleavage of the terminal peptide bond. The thiazo1one 
(229) however, rearranges under aqueous acid conditions to 
the more stable thiohydantoin (231) probably via the thio-
urea intermediate (230).136, 137 
Ph-N=C=S + 
R 
H2NCHCONH ""'peptide 
~r: RCH - C - NH""'-peptlde 
JQ. {s C~ 
I 
NHPh 
(228) 
V 
CH / ,~O 
HN C 
'" /)fPh 
C 
11 
S 
(231) 
) 
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R 
bR, hO / er 
HN+ I ~/S 
C 
I 
NHPh 
(229) 
1 HCl/lI,O 
RjHCOOH 
HN 
'C-NHPh 
M 
(230) 
Progress of the cyclisation in the last stage can be 
followed by a shift in the u.v. absorption maximum from 
240 to 270 M. The product isolated is the thiohydantoin 
(231) from which the R group is identified. The imidazo ring 
is thus more stable than the thiazolo ring in acid medium. 
Difficulty in interpreting the mode of cycloaddition 
of phenyl isothiocyanate has previously been encountered. 
In an attempt to prepare a solid derivative of 2-carbethoxy-
piperidine with phenyl isothiocyanate. Reckhow and TarbeU138 
isolated. instead. a colourless compound which had lost 
the elements of ethanol. Two possible structures (233a) 
or (233b) can result from cyclisation of the inital adduct 
(232) as shown. Of these. the authors preferred structure 
(233b) on the basis of its UoVo spectrum. \.ax 232, 271 Mo 
UC-oEt 
PhNCS Q It 
-i C-OEt 11 11 
S=C ~ 0 
'NHPh 
I (232) \ 
c;\a 
Ph_j-s 
(233a) (233b) 
OUr findings with the imidazo ~,l-~ isoquinoline 
formation suggest their conclusion may be incorrect. 
We have repeated the reaction in an attempt to identifY 
the structure of the product by examination of its spectra. 
Condensation of 2-carbet~xypiperidine with phenyl isothio-
n 
cyanate in ethanol gave a compound (233) in high yield as 
reported. The i.r. spectrum included bands at 17.50 (C=<», 
1602 (C=C aryl) and ll40 cm -1 (caS). It is possible this 
interpretation may be incorrect but no good models are 
available for (233b). Amidines139 (-N-C=N-) show C-N stretch 
between 1680-1580 cm-l • 
Interpretation of the l:3C spectrum, however, was not 
as straightforward since the two signals observed at low 
field, viz, 179.7 and 172.9 ppm. are quite close together, 
in contrast to the compounds listed in Table VIII. 
The signal at 172.9 ppm., may, however, be assigned 
to caS of the thiohydantoin (23:3a) by analogy with the C&/3 
chemical shifts of the dithiohydantoins (211) and (214) 
which oc= at 173.6 and 173.5 ppm. respectively. The signal 
at 179.7 ppm. may be assigned to the C-O of structure (233a) 
by comparison with the amide carbonyl resonances of 
compounds (234-238) included in Table VIII. 
Comparison of the carbon-13 resonances in Table VIII 
strongly suggests cycloaddition across the CaN double bond 
of phenyl isothiocyanate resulting in formation of the thio-
hydantoin (233a). The C=O in (23:3b) may well be expected to 
resonate at lower field than 179.7 ppm. since the thiol ester, 
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MeCO.SBu, shows the carbonyl carbon at 194.1 ppm. 14.5. We 
therefore believe that the material isolated b,y Reckhow and 
Tarbell is most probably (23Ja). 
TABIE VIII 
13C Chemical Shifts (ppm. relative to T.M.S.) 
N C 
'C=S ....... C=O N ....... N ....... 
·2J3a ~ 1'72.9 179.7 
211 Qy 173.6 
-
J..-NPh S 
214 9rs 173 • .5 -s~NH 
234 ~ - 179.8 ref. 140 
23.5 0 0 - 178.6 ref. 141 
236 
OH ~ 
bH,.-'-N . b-NH - 180.4 ref. 142 
0 
237 ((± :::,... N 0 - 179.6 ref. 143 
H 
238 00 - 179.4 ref. 144 
" 
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There are, however, reports in the literature of 
addition across the C=S double bond such as in the cyclis-
ation of (239) to (240).146 
. C\-o-Cl 
I OH 
C 
Ph-HN ..... "::::'S 
(239) 
) 
1 
(240) 
The azomethine ylide (241) derived from N-(p-nitro-
benzyl)isoquinolinium bromide also adds to the C=S double 
bond of phenyl isothiocyanate to give tetrahydrothiazolo-
r?,l-a]isoquinoline (242).24 
PhNCS 
(241) 
S--<!, 
NPh 
(242) 
The adduct (243) formed from phenyl isothiocyanate 
and sodium or potassium cyanide is also reported to give 
2-thiazolidinones (244) with isocyanates.147 
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,-----------------,------------------- _._-
'. 
C=N o-~ N=r + 
- I 
SH 
N-R 
11 
C=O NE'l • < }-'{'(' 
(243) 
(244) 
In contrast to this imidazo1inium salts of type (246), 
derived by reaction of phenyl isothiocyanate with peramino-
ethy1enes (245), add across the C-N double bond of isocyanates 
to give the spiroheterocyc1es (247).148,151 
, l 
C:>=<:J PhNCS 
R 
I S 
[
N\±.-Il Nr- c- if- Ph 
J ~ I R 
(245) R ~CO JJ- /Ph (246) C /\N i 
, I~· 
R R 
(247) 
The 1,3-dipolar azomethine imine (249) generated by 
thermolysis of the tetrazine (248) reacts with isothiocyanates 
to give the cycloadducts (250).148,149 
Ar 
A R-r N-R 
R-N J-R 
k 
(248) 
R 
heat~Ar_CH_h_N_R 
of-
(249) 
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R 
I 
XN'N/R 
~N4 
(250) 
-N-Methy1-C-pheny1 nitrones (251) also add exclusively 
onto the C-N double bond of phenyl isothiocyanate to give 
l,2,4-oxadiazo1idin-5-thione (252).148,150 
PhNCS 
(251) 
(252) 
Reaction of the bromodione (253) with phenyl isothio-
cyanate is reported152 to give (256) in preference to (257). 
The dione .(253) is thought to undergo OC-dehydrobromination 
to give the dioxocarbene species (254). Subsequent reaction 
through these species or the ketoketene (255), resulting 
from a Wolff rearrangement, occurs at the C-N double bond 
of phenyl isothiocyanate. 
ex: 
0 
ef NEt:l . e -Br-*' , 0 
(253) 
0 0 
6 ( ) 0:0- ( )- 6: - 0 
0 c1.~~ cC~ aH PhNCS ~ 0 
(255) (256) (257) 
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Such behaviour in not uncommon with phenyl isothio-
cyanate. Whereas isocyanates undergo preferably cyc10addition 
onto the C-N double bond, isothiocyanates display more equal 
reactivity for both of the double bonds.148 The mode of 
addition to isothiocyanates is not only determined by the 
nature of the reactant but also by the reaction conditions. 
The evidence accumulated in our study, however, demonstrates 
that addition of Reissert anions occurs exclusively across 
the CaN double bond of both phenyl and methyl isothiocyanates 
under basic conditions. 
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EXFERIMENTAL 
Unless otherwise stated the following conditions apply. 
~ and l3C n.m.r. spectra were determined in deuterio-
chloroform with tetramethylsilane as internal standard. ~­
n.m.r. spectra were run at 90 MHz on a Perkin-Elmer R32 
instrument or at 60 MHz on a Varian EM360A N.M.H. spectro-
meter. l3C n.m.r. were measured by Dr. R.A.Jones of the 
University of East Anglia or by Dr. I.P.Jones of Bruker 
Spectrospin Ltd., Coventry. 
Mass spectra were obtained on an A.E.I. MS12 spectro-
meter. Accurate mass measurments and measurment of metastable 
peaks were carried out on an A.E.I. MS902 spectrometer at the 
Physico-Chemical Measurments Unit, Harwell. 
Infrared spectra were determined using potassium bromide 
discs or thin films (in the case of liquids) on a Perkin-Elmer 
177 grating spectrophotometer. Ultraviolet spectra were 
determined in ethanolic solutions on a Unicam S.P. 800 spectro-
photometer. 
Melting points were determined on a Kofler hot stage 
apparatus and are uncorrected. Elemental analyses were carried 
out at Nottingham University or the University of Manchester. 
Column chromatography was carried out on neutral alumina, 
Brockmann activity 3. Thin layer chromatography (t.l.c.) used 
plates 5cm.x 20cm, 10cm.x 20cm, or 20cm.x 20cm. with alumina 
GF 254 (0.75mm. layers). 
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Light petroleum was dried over sodium wire, and dimethyl-
formamide over molecular sieves (Union Carbide, type 4A). 
Dimethylsulphoxide was distilled from calcium hydride and 
stored over molecular sieves. Tetrahydrofuran and t-butyl 
alcohol were distilled from lithium aluminium hydride and 
calcium hydride respectively, prior to use. Sodium hydride 
(50% suspension in oil) was washed with dry light petroleum 
(b.p. 40-60oc) before use. 
Acid chlorides employed were prepared by heating the 
corresponding acid (1 mol.) with thionyl chloride (1.1 mol.) 
on a steam bath for 1 hour or until evolution of hydrogen 
chloride ceased. 
The following abbreviations are used in the text I-
s = singlet 
d = doublet 
q = quartet 
t = triplet 
m = multiplet 
br = broad 
w = weak 
sh = shoulder 
I would like to thank Mr. M.Harris (n.m.r. spectra), 
Mr. A.Greenfield (mass spectra) and Mr. E.Marriott for their 
technical assistance. 
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PART II Pyrrolo[l,2-aJguinolines and P;yrrolo 12, l-a]isoguinolines 
General Procedure used in Preparation of Reissert Compounds 
The acid chloride (2 mol.) was added over two hours to 
a stirred mixture of the quinoline or isoquinoline (1 mol.) 
in methylene chloride and potassium cyanide (3 mol.) in a 
minimum amount of water. After additional stirring for 6 to 
8 hours, the layers were separated and the aqueous layer 
washed with methylene chloride. The combined methylene 
chloride extracts were washed with water, 2N hydrochloric 
acid, water, 2N sodium hydroxide and water. After drying 
over anhydrous potassium carbonate, the methylene chloride 
was evaporated under reduced pressure to give the Reissert 
compound. 
N-Benzoyl-6-methyl-l,2-dihydroguinoline-2-carbonitrile (85) 
Use of 6-methylquinoline (15 g; 0.1049 mol.), potassium 
cyanide (20.45 g; 0.3147 mol.) and benzoyl chloride (29.5 g; 
0.21 mol.) in the general procedure gave N-benzoyl-6-methyl-
l,2-dihydroquinoline-2-carbonitrile (21.8 g; 78%). Re crystal-
lisation from ethyl acetate gave colourless rhombs m.p. 147-
1490C (lit.,ll,79 144°C). 
Nethylation of N-benzoyl-6-methyl-l,2-dihydroguinoline-2-
carbonitrile 
A suspension of sodium hydride (1.5 g; 0.0625 mol.) in 
dry dimethylformamide (125 ml.) was stirred at OOC under 
nitrogen. N-Benzoyl-6-methyl-l,2-dihydroquinoline-2-carbo-
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nitrile (15 g; 0.0547 mol.) in dry dimethylformamide (75 ml.) 
was added and a deep red colour developed with evolution of 
hydrogen. After 15 min., methyl iodide (8.514 g; 0.06 mol.) 
was added during 0.5 h. The mixture was stirred for a 
further 0.5 h. at OoC and overnight at room temperature, after 
which its colour was pale yellow. Ethanol was added to 
destroy excess of sodium hydride and most of the solvent was 
evaporated under reduced pressure. The residue was suspended 
in water and extracted with chloroform. The extracts were 
combined, washed with dilute hydroChloric acid, dried (K2COJ ) 
and evaporated. Column chromatography of the resulting red 
oil on neutral alumina with toluene-ethyl acetate (4:1) gave 
N-benzoyl-4,6-dimethyl-l,2-dihydroquinoline-2-carbonitrile 
(88) (5 g; 40%) re crystallised from ethyl acetate to colourless 
rhombs m.p. IJ2-lJ4oc (lit.,ll IJO-IJloC). -~ 2240 (CN), lImax 
1660 (N-C=O) and 1600 cm-l (c=c), 87.5-6.4 (S'.rl, m, aromatic), 
6.1 (lH, d, C2-H J2,J7Hz), 5.85 (lH, q, CJ-H, J2,J 7Hz, 
JCJ-H,C4-He l.JHz), 2.28 br. (JH, s, C6-CHJ ) and 2.18 (JH, 
d, C4-He, JC4- He ,CJ-H l.JHz). 
Preparation of 4-methylguinoline (lepidine) 
The method used is that recommended by Campbell and 
Schaffner. 59 A J-litre, J-neck flask was fitted with an 
overhead mechanical stirrer, a dropping funnel and a reflux 
condenser. The flask was charged with aniline hydrochloride 
(80.8 g; 0.625 mol.) ferric chloride hexahydrate (270 g; 1 mol.) 
and anhydrous zinc chloride (10 g) in 450 ml. of ethanol. 
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The mixture was heated on a water bath to an internal 
temperature of 60-65°C and 32 ml. of methyl vinyl ketone 
(90~ solution in water) was added dropwise over a period of 
2 h. The mixture was then refluxed for a further 2 h. and 
then allowed to stand overnight. 
Most of the alcohol was removed by distillation, the 
residue was made alkaline (25% NaOH) with cooling and the 
lepidine was extracted by steam distillation. The distillate 
was extracted with chloroform, the extracts dried over 
anhydrous potassium carbonate, and the chloroform evaporated 
under reduced pressure. The yellow liquid obtained was 
distilled under reduced pressure from a Claisen flask incorp-
orating a 3 in. Vigreux column giving lepidine b.p. 87-890 C 
(1.2 mm. Hg.) n~O 1.6192 [lit.,59 b.p. 87-890C (1-2 mm. Hg.) 
~O 1.6190-1.6194J. 
Preparation of 4-methylguinoline Reissert compounds 
N-Benzoyl-4-methyl-l,2-dihydroguinoline-2-carbonitrile (97, R=H) 
Use of 4-methylquinoline (lOg; 0.07 mol.), benzoyl 
chloride (19.67 g; 0.014 mol.) and potassium cyanide (13.65 g; 
0.21 mol.) in the general procedure gave N-benzoyl-4-methyl-
1,2-dihydroquinoline-2-carbonitrile (97, R=H) (11.3 g; 60%), 
re crystallised from ethyl acetate to co1ourless rhombs m.p. 
174-1750 C (lit., 11 173-1750 C). \)max 2240 (CN), 1650 (N-C=O), 
and 1603 cm-l (c=c), 87.5-6.8 (9H, m, aromatic), 6.13 (lH, d, 
C2-H), 5.8 (lH, m, C3-H), 2.22 (JH, s, C4-Me). 
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N-(p-Methoxybenzoyl)-4-methyl-l,2-dihydroguinoline_2_ 
carbonitrile (97, R=OCH3) 
Use of 4-methylquinoline (8 g; 0.056 mol.), p-methoxy-
benzoyl chloride (19.1 g; 0.112 mol.) and potassium cyanide 
(10.92 g; 0.168 mol.) in the general procedure gave N-(p-
methoxybenzoyl)-4-methyl-l,2-dihydroquinoline-2-carbonitrile 
(97, R=OCH3 ) (10.8 g; 63%) recrystallised from eth~l acetate 
to colourless rhombs m.p. 157-1580c (lit.,80 157-1580c, which 
gives, Found, c, 74.6; H, 5.3; N, 9.0. Cl~16N202 requires 
C, 75.0; H, 5.3; N, 9.2%) ~ 2240 (CN), 1655 (N-C-O), 
max 
and 1610 cm-1 (C=O), S7.5-6.5 (aa, m, aromatic), 6.07 (lH, d, 
C2-H), 5.9 (lH, q, C3-H), 3.78 (3H, s, P-OCH3), 2.22 (3H, s, 
C4-CH3)· 
N-(p-Methylbenzoyl)-4-methyl-l,2-dihydroguinoline-2-
carbonitrile (97, R=OH3) 
Use of 4-methylquinoline (10 g, 0.07 mol.), p-methyl-
benzoyl chloride (21.63 g; 0.14 mol.) and potassium cyanide 
(13.65 g; 0.21 mol.) in the general procedure gave N-(p-methyl-
benzoyl)-4-methyl-l,2-dihydroquinoline-2-carbonitrile (97, R=CH3). 
(10.5 g; 53%) recrystallised from ethyl acetate to colourless 
rhombs m.p. 166-167°C (lit.,80 166-l67°C, which gives, Found, 
c, 78.9; H, 5.5; N, 9.5. Cl~16N20 requires I C, 79.1; H, 5.6; 
N, 9.7%). ))max2240 (CN), 1658 (N-C=O) and 1610 cm -1 (C=o), 
87.5-6.5 (aa, m, aromatic), 6.1 (lH, d, C2-H), 5.9 (lH, q, 
C3-H), 2.34 (3H, s, p-Me), 2.22 (3H, s, C4-Me). 
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Reaction of 4-methylguinoline Reissert Compounds with 
acrylonitrile 
(a) With sodium hydride in dimethylformamide 
(i) Reaction at OoC 
A suspension of sodium hydride (1.0 gl 0.04 ~ol.) 
in dry dimethylformamide (50 ml.) was stirred at OoC under 
nitrogen. N-Benzoyl-4-methyl-l,2-dihydroquinoline-2-carbo-
nitrile (97,R=H) (6.3 g; 0.023 mol.) in dry dimethylformamide 
(30 ml.) was added dropwise during 5-10 min. The mixture was 
stirred for a further 15 min. to allow complete formation 
of the Reissert anion (hydrogen was evolved). Acrylonitrile 
(2.2 g; 0.04 mol.) in dry dimethylformamide (20 ml.) was 
added dropwise during 5 min. The mixture was stirred for a 
further 3 h. at OOC and then allowed to warm to room temper-
ature. Most of the dimethylformamide was distilled off 
under reduced pressure. Water (100 ml.) was added and the pH 
adjusted to 7 with dilute hydrochloric acid. Extraction 
with chloroform and evaporation of the extract after washing 
with dilute hydrochloric acid and water and drying (K2C03 ) 
gave a dark red oil. Column chromatography on neutral alumina 
toluene-ethyl acetate (411) as eluant. and recrystallisation 
from ethyl acetate gave 2-benzoyl-4-methylquinoline (lOO, R-H) 
(14%) as colourless rhombs m.p. l12-ll3°C (lit. ,120 1090C), 
'i'max 1660 cm-l (c-o), 88.4-7.5 (lOH, m, aromatic) and 2.79 br. 
(3H, s, c4-CH3), m/e 247 (M+)and 105 (C6H5CO+). 
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(ii) Reaction at _300C 
The procedure described above was repeated at -300 C. 
Condensation of N-benzoyl-4-methyl-l,2-dihydroquinoline-
2-carbonitrile (97, R-H) (6.3 g; 0.023 mol.) with acrylo-
nitrile (2.2 g, 0.04 mol.) gave s-methyl-l-phenylpyrrolo-
U,2-aJguinoline-2-carboxamide (103, R-H) (1.7 g; 25%) as 
deep orange needles m.p. l36-l37°C from ethyl acetate. 
(Found I C, 79.9; H, 5.3, N, 9.1. C20H16N20 requires 
C, 80.0, H, 5.4, N, 9.3%), ~ax 3435 and 3285 (NH2) and 
1625 cm-l (N-C-o), 88.5-6.75 (lIH, m, aromatic), 6.55 br. 
(2H, exchangeable, NH2) and 2.47 br. (3H, s, C5-Me), 
~ 260 (logE 4.19), 291 (4.40), 370 (3.73) and 429 nm 
(3.91), m/e 300. 
Use of N-(p-methoxybenzoyl)-4-methyl-l,2-dihydro-
quinoline-2-carbonitrile (97, R-oMe) under the same conditions 
(-300c) gave a dark red oil on evaporation of the chloroform. 
T.l.c. showed two major components. These were separated bY 
column chromatography with toluene-ethyl acetate (411). 
Evaporation of the first fraction, Rf ethyl acetate-toluene 
(111) 0.55 on alumina, gave 1-(p-methoxyphenyl)-5-methyl-
pyrroloU.2-aJguinoline-2-carboxamide (103, R-OMe) (2%) as 
ochre needles (from ethyl acetate) m.p. l35-l36°C (Found I 
C, 75.8, H, 5.5; N, 8.4. C21HlsN202 requires C, 76.3, H, 
5.5; N, 8.5%). 1>max 3360 and 3255 (NH2) ~d 1615 cm-1 (N-C-O), 
&8.6-6.5 (lOH, m, aromatic) 6.41 br. (2H, s, exchangeable, 
NH2), 3.97 (3H, s, p-OMe) and 2.41 br. (3H, s, C5-Me), 
~ 263 (logE 4.13), 293 (4.28), 380 (3.87) and 432 (4.06) 
nm, m/e 330. 
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Evaporation of the second fraction, Rf ethyl acetate-
toluene (lal) 0.15 on alulllina, gave 2- [8-cyano- B-(p-methoxy-
benzoyl)ethyl]-4-methylquinoUne (106, R=OMe) (5%), as pale 
yellow rhombs lII.p. l33-l34°C frolll ethyl acetate (Found I 
C, 76.01 H, 5.5; N, 8.2. C2lHlaN202 requires C, 76.3; H, 5.51 
N, 8.5%»)max 2250 (CN) and 1660 cm-l (C-O), 88.2-6.8 (9H, m, 
aromatic), 5.45 (lH, t, ,6'-H, J P_H,O(_H7HZ), 3.86 (lH, q, 
o(-H, J o(-H2-gem16, J «-H, p_H7Hz), 3.85 (JR, s, p-OMe), 
3.51 (lH, q, ex-H, J ~ H 16, J -' H fl H7Hz), and 2.62 br. ~- 2-gem ",-,-
(3H, s, C4-Me), m/e 330. 
(iii) Reaction at room temperature 
Use of N-(p-methoxybenzoyl)-4-methyl-l,2-dihydro_ 
quinoline-2-carbonitrile (97, R=OMe) under the same conditions 
but at room temperature 2-{p-methoxybenzorl)-4-methrlquinoUne 
(lOO, R-OMe) (5Q%) as yellow needles m.p.- 12l-l220C from 
methanol. (Found C, 78.11 H, 5.5; N, 5.1. Cls'i15N02 requires 
C, 78.01 H, 5.51 N, 5.1%), »max 1655 cm-l (C-O), 88.5-7.0 
(9H, m, aromatic), 3.95 (3H, s, p-OMe), and 2.73 br. (3H, s, 
+ - + 4-Me), m/e 277 (M • ) and 135 (P-MeOC6H4 ). 
(b) Use of sodamide in liquid ammonia 
1-(p-Methoxr phenyl)-5-methrlpyrroloU,2-iilguinoline_2_carbaK_ 
amide (103, R-OMe) 
N-(P-Methoxybenzoyl)-4-methyl-l,2-dihydroquinoline_2_ 
carbonitrile (97, R-oMe) (5 gl 0.0164 11101.) in dry tetra-
hydrofuran (75 ml.) was added dropwise to a solution of 
sodium (1.0 g) in liquid ammonia containing a catalytic 
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amount of iron (Ill) chloride. A dark red colour developed. 
After stirring for a further 15 min., a solution of acrylo-
nitrile (3.75 g, 0.07 mol.) in dry tetrahydrofuran (25 ml.) 
was added during 5 min. stirring was continued for a further 
2 h. after which ammonium chloride (3 g) was added and the 
mixture was left to stand overnight. Evaporation of solvent 
left a red-brown solid. This was suspended in water and 
extracted with chloroform. The combined organic extracts were 
washed with 50% hydrochloric acid and water, dried over 
anhydrous potassium carbonate and evaporated to a red oil. 
Column chromatography on neutral alumina and crystallisation 
from ethyl acetate gave l-(p-methoxyphenyl)-5-methylpyrrolo-
[l,2-a]quinoline-2-carboxamide (1.08 g, 20%) m.p. 135-136°c, 
identical (i.r. and n.m.r. spectra) with the sample described 
above. 
5-Methyl-l-phenylpmolo 0., 2-at guinoline-2-carboxamide (103, R-H) 
Use of the procedure described above with N-benzoyl-4-
methyl-l,2-dihydroquinoline-2-carbonitrile (97, R-H) (5 g, 
0.0182 mol.), acrylonitrile (3.75 g; 0.07 mol.) and sodium 
(1 g) in liquid ammonia gave 5-methyl-l-phenylpyrroloCt,2-~ 
quinoline-2-carboxamide (0.53 g; 10%). Recrystallisation 
from ethyl acetate gave orange needles m.p. 136-137°C. The 
product had identical i.r. and n.m.r. spectra with the 
sample described above. 
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1-(p-Methylphenrl)-5=methrlpyrrolo[l,2-aJguinoline-2-
carboxamide (103, R-Me) 
Condensation of N-(p-methybenzoyl)-4-methyl-l,2-
dihydroquinoline-2-carbonitrile (97, R-Me) (5 g; 0.0174 mol.) 
with acrylonitrile (1,38 g; 0,0261 mol.) using sodium (1 g) 
in liquid ammonia by the procedure described above gave 
1-(p-methylphenyl)-5=methrlpyrroloLL,2-aJguinoline-2-carbox_ 
amide (103, R-Me) (0.6 g; 9%). Recrystallisation from ethanol 
gave orange needles m.p. l65-l66°c, (Found I C, 80.2; H, 5.8; 
N, 8.8. C2lH1sN20 requires C, 80.2; H, 5.7; N, 8.9%). 
))ma.x J440 and 3280 (NH2) and 1625 cm-
l (N-C-o), 88.5-7.0 
(8H, m, aromatic), 6,19 (lH, s, C4-H), 6.3 (lH, s, C3-H), 
6.25 br. (2H, s, exchangeable, NH2), 2.42 (3H, s, p-Me), 2.3 
(3H, s, c4-Me), m/e 314, ).ma.x 263 (logE 4.45), 295 (4.62), 
376 (3.82) and 434 nm (4.03), 
Preparation of isoguinoline Reissert Compounds 
N-Benzoyl-l,2-dihrdroisoguinoline-l-carbonitrile (112, R-H) 
Use of isoquinoline (10 g; 0.077 mol.) benzoyl chloride 
(21.637 g; 0.154 mol.) and potassium cyanide (15 g; 0.231 mol.) 
in the general procedure (P.124) gave N-benzoyl-l,2-dihydro-
isoquinoline-l-carbonitrile (112, R-H) (10.6 g; 53%). Recrys-
tallisation from ethyl acetate gave colourless plates m.p. 
128-1290C (lit.,13 128°c). 
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N-(p-Methoxybenzoyl)-1,2-dihydroisoguinoline-l-carbonitrile 
(112, ReOMe) 
Use of isoquinoline (10 gl 0.077 mol.), p-methoxy-
benzoyl chloride (26.25 gl 0.154 mol.) and potassium c,yanide 
(15 gl 0.231 mol.) in the general procedure (p.124) gave 
N-(p-methoxybenzoyl-l,2-dihydroisoquinoline-l-carbonitrile 
(112, R=OMe) (14 g; 60%) recrysta11ised from ethyl acetate 
to colourless needles m.p. l76-l780C (lit.,13<173_l74°C). 
N-(p-Methylbenzoyl)-1,2-dihydroisoguinoline-l-carbonitrile 
(112, R=Me) 
Use of isoquinoline (10 g; 0.077 mol.), p-methylbenzoyl 
chloride (23.8 g; 0.154 mol.) and potassium c,yanide (15 g; 
0.0231 mol.) in the general procedure (p.124) gave N-(p-
methylbenzoyl)-l,2-dihydroisoquinoline-l-carbonitrile (l12,R=Me) 
(11.5 gl 54%) recrystallised from ethyl acetate to colourless 
o 47 - 0 
needles m.p. 132-133 C (lit., < l32~133<C). 
Preparation of Pyrrolo[2.l-aUisoguinolines 
General Procedure 
White powdered potassium t-butoxide was prepared by 
adding potassium (0.02 mol.) to dry t-butyl alcohol (30 ml.) 
and refluxing under nitrogen until all the metal was 
dissolved. The t-butyl alcohol was distilled off and the 
white solid was heated to an oil bath temperature of l500C 
at 0.1 mm Hg for 2 h. Dry dimethylsulphoxide (75 ml.) was 
added after cooling and the mixture was stirred to produce < 
a Buspension under nitrogen at room temperature. The iso-
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quinoline Reissert compound (0.013 mol.) in dry dimethyl-
sulphoxide (25 m1.) was added dropwise over 5 min. resulting 
in a dark red colour. After stirring for a further 5 min. 
acrylonitrile (0.02 mol.) was added dropwise. The mixture 
was stirred for a further 1 h. and most of the dimethy1-
sulphoxide was evaporated under reduced pi-essure. The 
residue was suspended in water and extracted with chloroform 
after adjusting to neutral pH. The organic extract was 
washed with water, dried over anhydrous potassium carbonate 
and evaporated to give the pyrro10[2,1-a;]isoquinoline. 
3-Phenylprrro10[2,1-aJisoguino1ine-2-carboxamide (113, R-H) 
Use of N-benzoyl-1,2-dihydroisoquino1ine-1-carbonitri1e 
(112, ReH) (59; 0.019 mol.) with acrylonitrile (1.5 gl 
0.0285 mol.) in the general procedure gave 3-pheny1pyrro10-
[?,1-a] isoquino1ine-2-carboxamide (113, Roofi) (3.5 gl 64%). 
Recrystal1isation from benzene-light petroleum (b.p. 6o_800C) 
(9,1) gave red rhombs m.p. 168-1690C (lit.,l 168-1690C), 
'V
max 
3300, 3420 and 1645 cm-1 (CONH2), 88.0-7.1 (12H, m, 
aromatic), 6.87 br. (2H, s, exchangeable, NH2), Amax 250 
(logE 4.46), 256 sh., 298 (4.61), 381 (3.40), and 437 nm (3.45). 
3-(p-Methoxyphenvl)pyrro10Cz,1-a]isoguino1ine-2-carboxamide 
(113, R=OMe) 
Use of N-(p-methoxybenzoy1)-1,2-dihydroisoquino1ine-1-
carbonitrile (112, R=OMe) (5 gl 0.017 mol.) with acrylonitrile 
(1.35 g; 0.025 mol.) in the general procedure gave 3-(p-methoxy-
phenyl )prrro10 rz.1-aJ isoguinoline-2-carboxamide (113"R=OMe) 
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(4.9 g, 91%) as dark red rhombs m.p. 174-1750C from ethyl 
acetate. (Found I C, 75.751 H, 4.91 N, 8.8. C20H16N20Z 
requires C, 75.91 H, 5.1, N, 8.9%). "))max 3300 and 3400 (NHZ) 
and 1640 cm-l (N-C=O), 88.0-6.5 (llH, 1II, aromatic), and 
3.91 (3H, s, p-OMe), m/e 316, Amax Z58 (logS 4.10), 296 (4.51), 
370 (3.87) and 427 nm (3.90). 
3-(p-Methylphenyl)pyrrolo[2,1-aUisoguinoline-2-carboxamide 
(113, RmMe) 
Use of N-(p-methylbenzoyl)-l,Z-dihydroisoquinoline-l-
carbonitrile (llZ, R=Me) (5 gl 0.018 mol.) with acrylonitrile 
(1.5 gl 0.027 mol.) in the general procedure gave 3-Cp-methyl-
phenyl)pyrrolo[2,l-a]isoguinoline-Z-carboxamide (113, R~Me) 
(3.Z g; 58%) as brownish orange needles m.p. 209-2100C from 
benzene. (Found I C, 80.2; H, 5.4; N, 9.4. C2OH16NZ0 
requires C, 80.0; H, 5.4; N, 9.3%), "\lmax3400 and 3300 (NH2) 
and 1640 cm-l (N-C=O), 88.0-6.5 (llH, m, aromatic), 7.94 br. 
(2H, s, NHZ) and Z.46 br. (3H, s, p-Me), m/e 300, Amax 256 
(logE 4.12), 294 (4.51), 369 (3.80), and 428 nm (3.83). 
Reaction of 4-meYQYlguinoline Reissert Compounds with 
acry10ni trUe 
(c) With potassium t-butoxide 
(i) In dimethylsulphoxide at room temperature 
Use of N-benzoyl-4-methyl-l,2-dihydroquino1ine-2-
carbonitrile (97, R=H) (5 g; 0.018 mol.) with acrylonitrile 
(1.466 g; O. 027 mol~) in the general procedure described above, 
gave 2-benzoyl-4-methy1quinoline (100, R=H) (0.6 g; 13%) as 
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colourless rhombs m.p. l12-ll4°C, from ethyl acetate. This 
compound had i.r. and n.m.r. spectra identical with those of 
the sample described above, and the mixed melting point was 
undepressed. 
(ii) In dimethy1formamide at -400 C 
(a) White powdered potassium t-butoxide (0.02 mol.) was 
prepared as described above (p.133). Dry dimethylformamide 
(75 ml.) was added to produce a suspension stirred under 
nitrogen and cooled in a dry ice-acetone bath. N-benzoyl-
4-methyl-l,2-dihydroquinoline-2-carbonitri1e (97, R=H) (5 g; 
0.0182 mol.) dissolved in dry dimethylformamide (25 ml.) was 
added dropwise producing a dark red colour. Af'ter stirring 
for 5 min., acrylonitrile (1.466 gl 0.027 mol.) was added. 
The mixture was stirred for a further 2 h. at -400 C and then 
allowed to warm slowly at room temperature. Dimethyl-
form~~ide was evaporated under reduced pressure leaving a 
red oil. Purification by column chromatography on neutral 
alumina gave l-phenyl-5-methylpyrrolo[1,2-~quinoline-2-
carboxamide (103, R=H) (1.03 g; 20%) recrystallised from ethyl 
acetate as orange needles m.p. l36-l37°C. This product had 
identical i.r. and n.m.r. spectra with the sample described 
previously. 
(b) Use of the above procedure with N-(p-methoxybenzoyl)-4-
methyl-l,2-dihydroquinoline-2-carbonitrile (97, R=OMe) (5 g; 
0.0164 mol.) and acrylonitrile (1.3 g; 0.02 mol.) gave 2-[,8-
cyanO-j.1-(p-methoxybenzoyl)ethyl]-4-methylquinoline (106, R=OMe) 
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(2.5 gl 46%) re crystallised from ethyl acetate to pale 
yellow rhombs m.p. 133-134°c. This product was identical 
with the previously prepared sample. 
(c) Use of N-(p-methylbenzoyl)-4-methyl-l,2-dihydro-
quinoline-2-carbonitri1e (97, R-Me) (3 g; 0.01 mol.) and 
acrylonitrile (0.8 gl 0.015 mol.) in the above procedure gave 
2-[j1-cyano-f1-(p-methvlbenzoyl)ethyl]-4-methy1guinoline 
(106, R-Me) (1.3 gl 40%) recrystallised from ethyl acetate as 
pale yellow rhombs m.p. 124-126°C. (Found. C, 80.01 H, 5.71 
N, 8.9. C21HleN20 requires C, 80.21 H, 5.81 N, 8.9%), 
»max 2245 (CN) and 1695 cm-l (C-0),88.1-7.1 (911, m, aromatic), 
5.48 (lH, t,,B-H, ~-H, ~-H 7Hz), 3.85 (lH, q, ~-H, J ~-H2-gem15, 
Jo<-H,I1-H 7Hz), 3.50 (lH, q,o{-H, Jo{-Hz-gem 15, J o<-H,,P-H 7Hz), 
2.65 br. (3H, s, c4-Me), and 2.42 br. (3H, s, p-Me). 
Preparation of 3-methylisoguinoline Reissert compounds 
N-Benzoyl-3-methyl-l.2-dihydroisoguinoline-l-carbonitrile (121) 
Use of 3-methylisoquinoline (10 gl 0.07 mol.), benzoyl 
chloride (19.67 gl 0.14 mol.) and potassium cyanide (13.65 gl 
0.21 mol.) in the general procedure gave N-benzoyl-3-methyl-l, 
2-dihydroisoquinoline-l-carbonitri1e (121) (12.5 gl 66%) 
re crystallised as colourless rhombs m.p. 140-143°C (lit., 78 
134-1350C).» 2240 (CN), 1640 (N-C-O) and 1602 cm -1 (C-C), 
max 
B7.65-7.1 (911, m, aromatic), 6.49 (lH, s, Cl-H), 6.26 (lH, 
s, C4-H), 1.83 (3H, s, C3-Me). 
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N-Methoxycarbonyl-3-methyl-l,2-dihydroisoguinoline-1-carbo-
nitrile (125) 
Use of 3-methylisoquinoline (10 gl 0.07 mol. ), methyl 
chloroformate (13.23 g, 0.14 mol.) and potassium cyanide 
(13,65 gl 0.21 mol. ) in the general procedure gave N-
methoxycarbonyl-3-methyl-l,2-dihydroisoquinoline-l-carbo-
nitrile (125) (8.4 gl 53%) recrystallised from benzene-light 
petroleum (60-800C) to colourless rhombs m.p. 63-65°C (lit.,81 
60-610C, which gives, Found I C, 68.6, H, 5.351 N, 12.4, 
C13H12N202 requires C, 68.4, H, 5.31 N, 12.3%), "»max 2240 
(CN), 1700 (N-C-O) and 1640 cm-I (C=O), 87.45-7.0 (4H, m, 
aromatic), 6.42 (lH, s, Cl-H), 6.18 (lH,s, C4-H), 3.82 (3H, 
s, OMe), 2.33 (3H, s, C3-Me). 
Reaction of 3-methylisoguinoline Reissert compounds with 
acrylonitrile 
Use of N-benzoyl-3-methyl-l,2-dihydroisoquinoline-l-
carbonitrile (121) (2 g; 0.008 mol.) and acrylonitrile 
(0.85 gl 0.016 mol.) with t-BuOK/DMF at -400C in Method (11) 
described above, gave l-benzoyl-3-methylisoquinoline (122) 
(0.3 g; 16%). Recrystallisation from ethanol gave pale 
yellow rhombs m.p. 104-1050C (lit.,64 99.0-99.50C). "»max 
1673 cm-1 (c-0),88.13-7.3 (10H, 111, aromatic), and 2,7 (3H, 
s, C3-Me). 
Use of N-methoxycarbonyl-3-methyl-1,2-dihydroiso-
quino1ine-l-carbonitri1e (125) (2 g, 0.009 mol.) and acrylo-
nitrile (0.53 gl 0.01 mol.) with t-BuOK/DMF at -400C in the 
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above Method (H). gave 1- Ca-cyano-(P'-methoxycarbOnyl) 
ethyiJ-3-methvlisoguinoline (126) (1.2 gl 54%) as pale yellow 
rhombs m.p. 90-910 C. (Found I C. 70.71 H. 5.5; N. 10.95. 
C1sH14N202 requires C. 70.851 H. 5.551 N. 11.0%). ~max 2245 
(CN). and 1735 cm-1 (o-C-O).88.1-7.2 (511. m. aromatic). 4.49 
(lH. t.,B-H. "'-H.o(-H 7Hz). 3.91 (2H. d. ""-Hs. {,.-H.f?-H 7Hz). 
3.83 (3H. s. OMe) and 2.59 br. (3H. s. C3-Me). m/e 254. 
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PART II, Phase-Transfer Catalysed formation of Reissert 
Compounds 
(a) Reissert Reaction with Phthalazine 
General Procedure A, utilizing a phase transfer catalyst 
The acid chloride (0,152 mOl,) was added over two hours 
to a stirred mixture containing phthalazine (0,038 mol,) in 
methylene chloride (75 ml,), potassium cyanide (0,.152 mol.) 
in water (15 ml,) and 1% of benzyltrimethylammonium chloride 
(BTMAC), with respect to cyanide concentration, After 
additional stirring for six hours, the layers were separated 
and the aqueous layer washed with methylene chloride (50 ml,), 
The combined methylene chloride extracts were washed with 
water, 2N hydrochloric acid, water, 2N sodiUlll hydroxide and 
water, After drying over anhydrous potassium carbonate, the 
methylene chloride was slowly evaporated under reduced 
pressure to give the· Reissert compound, 
General Procedure B, in the absence of a phase transfer catalyst 
The acid chloride (0.152 mol.) was added over two hours 
to a stirred mixture of phthalazine (0.038 mol.) in 
methylene chloride (75 ml.) and potassium cyanide (0.152 mol.) 
in a minimum of water. After additional stirring for six 
hours, the layers were separated and the aqueous layer washed 
with methylene chloride. The combined methylene chloride 
extracts were washed with water, 2N hydrochloric acid, water, 
2N sodium hydroxide and water. After drying over anhydrous 
potassium carbonate, the methylene chloride was slowly 
evaporated under reduced pressure to give the product. 
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N-Benzoyl-l,2-dihydrophthalazine-l-carbonitrile (132) 
Method B. Use of phthalazine (2 g; 0.0154 mol.), 
benzoyl chloride (8.6.5 g; 0.062 mol.) and potassium cyanide 
(4,0 g, 0.062 mol.) gave N-benzoyl-l,2-dihydrophthalazine-
l-carbonitrile (1.2 gl 30%) recrystallised from absolute 
ethanol as colourless.rhombs m.p. 163-164°C (lit.,36 163-164°C) 
N-(p-Chlorobenzoyl)-1,2-dihydrophthalazine-l-carbonitrile 
(134, R=4clC6H4) 
Method A. Use of phthalazine (.5 g, 0.038 mol,), p_ 
chlorobenzoyl chloride (26 gl 0,152 mol.), potassium cyanide 
(10 gl 0.152 mol.) and BTMAC (0.1 g) gave N-(p-chlorobenzoyl)-l, 
2-dihydrophthalazine-l-carbonitrile (134, R=4-C1C6H4 ) (8.23 g; 
'72%) as colourless plates m.p. 201-203°C from ethyl acetate. 
(Found C, 64.8, H, 3.5; N, 13.8. C16H10N3OCl requires C, 65.0; 
H, 3.4, N, 14.2%), Vmax 2240 (CN) and 16.50 cm-l (N-C=O), 
S'(CDC13/DM3O-d6) 8.2-7.3 (9H, m, aromatic and C4-H), 702 (lH, 
s, Cl-H). T.l.c. showed a trace of N-(p-chlorobenzoyl)-l-
hydroxy-l,2-dihydrophthalazine by Rf comparison with that 
isolated in the next experiment. 
Method B. Use of phthalazine (.5 g; 0.038 mol.), p-chloro-
benzoyl chloride (26 g; 0.1.52 mol,) and potassium cyanide 
(10 g; 0.152 mol.) gave N-(p-chlorobenzoyl)-1-hydroxy-l,2-
dihydrophthalazine (137) (6.1 g; .55%) as colourless rhombs m.p. 
147-1480c recrystallised from ethyl acetate. (Found, C, 62.5, 
H, 3.8; N. 9.4. Cl~llN202Cl requires C, 62.8; H, 3.4; 
N, 9.8%), »max3320 (rn) and 1660 cm-l (N-C-o), a (CDC1/DM3O-d6) 
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8.2-7.3 (9H, m, aromatic and C4-H), 6.99 (lH, s, Cl-H), 
6.43 br. (lH, s, exchangeable, (0), m/e MT 286, 288 (3,1). 
T.l.c. showed a trace of N-(p-chlorObenzoyl)-1,2-dihydro-
phthalazine-l-carbonitrile(134, R=p-CIC6H4) by Rf 
comparison with that isolated above. 
N-(p-Methylbenzovl)-1.2-dihvdrophthalazine-l-carbonitrile. 
Method A. Use of phthalazine (5 g; 0.038 mol.), 
p-methylbenzoyl chloride (2; g; 0.152 mol.), potassium 
cyanide (10 g; 0.152 mol.) and BTMAC (0.1 g) gave N-(p-
methylbenzoyl)-l,2-dihydrophthalazine-l-carbonitrile (134, 
R=p-MeC6H4) (5.; g; 50%) as colourless needles m.p. 212-
21;oC, re crystallised from ethyl acetate. (Found C, 74.4; 
H, 4.8; N, 15.05. Cl?"l;N;O requires C, 74.2; H, 4.8; N, 
15.;%), Vmax 2240 (CN), 1650 (N-C-O) and 1612 cm-l (C-N), 
87.9-7.1 (9H, m, aromatic and C4-H), 6.65 (lH, s, Cl-H), 
2.4; (3H, s, p-Me), m/e 275. 
Method B. Use of phthalazine (6 g; 0.046 mol.), 
p-methybenzoyl chloride (28.4 g; 0.184 mol.) and potassium 
cyanide (12 g; 0.184 mol.) gave trace amounts of N-(p-methyl-
benzoyl)-1,2-dihydrophthalazine-l-carbonitrile (134, Rap-
MeC6H4) identified by t.l.c. comparison with an authentic 
sample. Neutralisation of the acid extract and extraction 
with chloroform gave unchanged phthalazine (90%) having 
identical i.r, spectrum with an authentic sample. 
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N-(p-Methoxybenzoyl)-1,2-dihydrophthalazine-l-carbonitrile 
Method A. Use of phthalazine (J g, O.02J mol.) p-
methoxybenzoyl·chloride (15.7 g, 0.092 mol.), potassium 
cyanide (5.98 g, 0.092 mol.) and BTMAC (0.5 g) gave N-(p-
methoxybenzoyl)-1,2-dihydrophthalazine-l-carbonitrile (134, 
R=P-MeOC6H4) (4.5 g, 67%) as colourless needles m.p. 176-
177°C, recrystallised from absolute ethanol. (Found C, 
69.9; H, 4.4, N, 14.0. Cl iRlJNJ02 requires C, 70.1, H, 4.5, 
N, 14.ll%), »ma.x 2240 (CN), 1650 (N-C=O) and 160J cm-l (C-N), 
88.0-6.8 (9H, m, aromatic and C4-H), 6.6J (lH, s, Cl-H), 
3.88 (3H, s, p-Me), m/e 291. 
Method B. Use of phthalazine (J g, O.02J mol.), p-
methoxybenzoyl chloride (15.7 g; 0.092 mol.) and potassium 
cyanide (5.98 g, 0.092 mol.) gave N-(p-methoxybenzoyl)-l,2-
dihydrophthalazine-l-carbonitrile (134, R=MeOC6H4) (0.95 g, , 
lll%). Recrystallisation from absolute ethanol gave colourless 
needles m.p. 176-177°C having identical i.r. and n.m.r. 
spec~ with the sample prepared above. 
N-Acetyl-l.2-dihydrophthalazine-l-carbonitrile 
Method A. Use of phthalazine (5 g; 0.038 mol.), 
acetyl chloride (12 g, 0.152 mol.) potassium cyanide (lOg; 
0.152 mol.) and BTMAC (0.1 g) gave N-acetyl-l.2-dihydro-
phthalazine-l-carbonitrile (134, R-Me) (4.1 g, 54%) as 
colourless rods m.p. 167-1680 C recrystallised from ethyl 
acetate. (Found C, 65.9; H, 4.6; N, 20.7. CIlH9N30 requires 
C, 66.J; H, 4.55; N, 21.1%), V 2240 (CN), 1680 (N-C=O) and 
ma.x 
1620 cm-l (C=N) 87.69 (lH, s, c4-H), 7.65-7.2 (4H, m, aromatic), 
6.65 (lH, s, Cl-H) and 2.42 (JR, s, Me), m/e 199. 
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Method B. Use of phthalazine (5 g; 0.038 mol.), acetyl 
chloride (12 g; 0.152 mol.) and potassium cyanide (10 gl 
0.152 mol.) gave N-acetyl-l,2-dihydrophthalazine-l-carbo-
nitrile (134, R=Me) (1.6 g; 22%). Recrystallisation from 
o . 
ethyl acetate gave colourless rods m.p. 167-168 C and having 
identical i.r. and n.m.r. spectra with the sample previously 
prepared. 
N-Methoxycarbonyl-l,2-dihydrophthalazine-l-carbonitrile 
Method A. Use of phthalazine (5 gl 0.038 mol.), methyl 
chloroformate (14.4 g; 0.152 mol.), potassium cyanide (10 g; 
0.152 mol.) and BTMAC (0.1 g) gave N-methoxycarbonyl-l.2-
dihydrophthalazine-l-carbonitrile (134, R=OMe) (1.9 g; 30% 
based on recovered phthalazine 1.2 g; absolute yield 23%) 
re crystallised from ethanol as colourless rhombs m.p. 164-
l65°C. (Found C, 61.2; H, 4.2, N, 19.6. CllH~302 requires 
C, 61.4; H, 4.2; N, 19.5%), ~max 2238 (CN), 1700 (N-C=O), 
and 1620 cm-I (C=N), 8(CDC13/DMSo-d6), 7.88 (lH, s, C4-H) , 
7.7-7.2. (4H, m, aromatic), 6.62 (lH, s, Cl-H), 3.95 (3H, s, 
OMe). 
Method B. Use of phthalazine (2 g; 0.015 mol.), methyl 
chloroformate (5.6 g; 0.06 mol.) gave N-methoxycarbonyl-l, 
2-dihydrophthalazine-l-carbonitrile (134, R=OMe) (0.38 g; 11%) 
identical with the sample prepared above with respect to 
melting point i.r. and n.m.r. spectra. 
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N-(p-Nitrobenzoyl)-1.2-dihydrophthalazine-l-carbonitrile 
Method B. Use of phthalazine (5 g; 0.038 mol.), p-
nitrobenzoyl chloride (28.2 g; 0.152 mol.) and potassium 
cyanide (lOg; 0.152 mol.) gave l-methoxy-N-(p-nitr0benzoyl)-l. 
2-dihydrophthalazine (138) (8.0 g; 67%) on recrystallisation 
from hot methanol. Colourless needles m.p. 150-1520C were 
obtained. (Found C, 61.2; H, 4.1; N, 12.7. C16H13N304 
requires C, 61.71 H, 4.2; N, 13.5%), \> 1678 (N-C-O), 1605 
max 
(C~N), 1528 and 1350 cm-l (N02),88.6-7.4 (911, m, aromatic 
and C4-H), 6.93 (lH, s, Cl-H), 3.48 (3H, s, OMe), m/e 311. 
(b) Reissert Reaction with 5-Nitroisoguinoline 
General Procedure C, utilizing a phase transfer catalyst 
The acid chloride (0.046 mol.) was added dropwise over 
a period of 2 hours to a stirred mixture of 5-nitroisoquinoline 
(0.023 mol.) in methylene chloride (75 ml.) and potassium 
cyanide (0.069 mol.) in water (12 ml.) containing 1% (with 
respect to potassium cyanide) of benzyltrimethylammonium 
chloride. The mixture was stirred for a further 6 hours and 
the layers were separated. The aqueous layer was washed with 
methylene chloride and the combined organic layer washed 
successively with water, 2N hydrochloric acid, water, 2N sodium 
hydroxide and water. After drying over anhydrous potassium 
carbonate, the methylene chloride was slowly evaporated under 
reduced pressure to give the Reissert compound N-acyl-5-nitro-l, 
2-dihydroisoquinoline-l-carbonitrile. 
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General Procedure D, in the absence of a phase transfer catalyst 
The acid chloride (0.046 mol.) was added dropwise over 
2 hours to a stirred mixture of 5-nitroisoquinoline (0.023 mol.) 
in methylene chloride (75 ml.) and potassium cyanide (0.069 mol.) 
in a minimum volume of water. The mixture was stirred for a 
further 6 hours and filtered. The residue of N-acyl pseudo-
base, N-acyl-l-hydraxy-5-nitro-l,2-dihydroisoquinoline, was 
filtered, washed with water and dried under vacuum. The layers 
of the filtrate were separated and washed with water, 2N hydro-
chloric acid, water, 2N sodium hydroxide, and water. The 
solution was dried over anhydrous potassium carbonate and 
evaporated under reduced pressure to give the product. 
N-Benzoyl-5-nitro-l.2-dihydroisoguinoline-l-carbonitrile 
Method C. Use of 5-nitroisoquinoline (4 gl 0.023 mol.) 
benzoyl chloride (6.46 g; 0.046 mol.) potassium cyanide (4.5 gl 
0.069 mol.) and BTMAC (0.04 g) gave N-benzoyl-5-nitro-l,2-
dlhydroisoquinoline-l-carbonitrile (78, R=Ph) (1.2 g; 17%). 
Recrystallisation from ethanol gave yellow rhombs m,p. 148-
1490 C, (lit., 12 1480 C). 
N-(p-Methoxybenzoyl)-5=nitro-l.2-dihydroisoguinoline-l-
carbonitrile 
Method C. Use of 5-nitroisoquinoline (3gl 0.017 mol.) 
p-methoxybenzoyl chloride (5.8 g; 0.034 mol.) potassium 
cyanide (3.32 g; 0.051 mol.) and BTMAC (0.03 g) gave N-(p-
methoxybenzoyl)-5-nitro-l,2-dihydroisoquinoline-l-carbonitrile 
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(78, R=P-MeOC6H4) (1.54 g; 27%) recrystallised from ethyl 
acetate to yellow rhombs m.p. 208-2090C (lit. ,47 209-2100 C). 
N-Acetyl-5=nitro-l,2-dihydroisoquinoline-l-carbonitrile 
Method C. Use of 5-nitroisoquinoline (3 g; 0.017 mol.) 
acetyl chloride (2.6 g; 0.034 mol.) potassium cyanide (3.32 g; 
0.051 mol.) and BTMAC (0.03 g) gave N-acetyl-5-nitro-l,2-
dihydroisoquinoline-l-carbonitrile (78, R=Me) (1.0 g; 24%), 
recrystallised from ethyl acetate to yellow needles m.p. 185-
186°c. (lit., 47 186-187°C). 
N-Methoxycarbonyl-5-nitro-l.2-dihydroisoquinoline-l-carbonitrile 
Method A. Use of 5-nitroisoquinoline (5 g; 0.029 mol.) 
methyl chloroformate (10.9 g; 0.116 mol.), potassium cyanide 
(7.54 g; 0.116 mol.) and BTMAC (0.07 g) gave N-methoxvcarbonyl-
5-nitro-l,2-dihydroisoguinoline-l-carbonitrile (78, R=OMe) 
(5.4 g; 72%) as yellow rhombs m.p. 150-152°C from benzene-
light petroleum (bp. 60-80oc). (Found C, 55.5; H, 3.6; N, 15.6. 
C12HgN304 requires C, 55.6; H, 3.5; N, 16.2%), '»max 2240 (CN), 
1715 (N-C-O), 1625 cm-l (CZC), 1525 and 1350 cm-l (N02), 8.05 
(lH, split doublet, C6-H),87.65-7.0 (2H, m, C7-H and C8-H), 
7.18 (lH, d, C3-H), 6.80 (lH, d, C4-H), 6.48 (lH, s, Cl-H), 
3.96 (3H, s, OMe), m/e 259. 
Method D. Use of 5-nitroisoquinoline (5 g; 0.0287 mol.), 
methyl chloroformate (5.42; 0.0574 mol.) and potassium cyanide 
(5.6 g; 0.0861 mol.) gave I-hydroxy-N-methoxycarbonyl-5-
nitro-l.2-dihydroisoguinoline (77, R=OMe) (1.07 g; 15%) on 
filtration. Recrystallisation from ethyl acetate gave greenish 
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yellow rhombs m.p. 174-1750 C. (Found c, 52.9; H, 4.0; N, 
11.25. CIIH9N205 requires C, 5J.0; H, J.6; N, 11.2%) 
"i>max J440 (OH), 1700 (N-C=O), 1620 (C=e), 15JO and IJ50 cm-l 
(N02), 88.1-7.2 (4H, m, aromatic and CJ-H), 6.75 (lH, s, 
exchangeable, OH) 6.65 (lH, d, C4-H). 6.54 (lH. s, Cl-H), 
J.89 (JH, s, OMe). 
Evaporation of the filtrate after work-up as described 
in the general procedure D, gave N-methoxycarbonyl-5-nitro-
l,2-dihydroisoquinoline-l-carbonitrile, (0.5 g; 2%) having 
identical i.r. and n.m.r. spectra with the sample described 
above. 
N-Methoxycarbonyl-J-methyl-5-nitro-l,2-dihydroisoguinoline-
l-carbonitrile 
Method A. Use of J-methyl-5-nitroisoquinoline (5 g; 
0.027 mol.), methyl ch10roformate (7.56 g; 0.08 mol.) 
potassium cyanide (5.2 g; 0.08 mol.) and BTMAC (0.05 g) gave 
N-methoxycarbonyl-J-methvl-5-nitro-1,2-dihydroisoguino1ine-
1-carbonitrile (0.82 g; 11%) as yellow rhombs m.p. 164-165°C 
from benzene-light petroleum (60-800C). (Found c, 56.8; H, 
4.4; N, 15.0. CIJHI1NJ04 requires C, 57.1; H, 4.1; N, 15.4%), 
»max 2240 (CN), 1740 (N-C=O), 1625 (C=C) , 1525 and 1J45 (N02) , 
88.08 (lH, split doublet, C6-H), 7.7-7.2 (2H, m, C7-H and 
CB-H), 6.96 br. (lH, s, C4-H) , 6.56 (lH, s, Cl-H), J.89 
(JH, s, OMe), 2.45 br. (JH, s, CJ-Me). 
-148-
Preparation of 5-nitroisoquinoline 
A solution of potassium nitrate (8 gl 0.08 mol.) in 
concentrated sulphuric acid (60 ml.) was added dropwise with 
stirring to a solution of isoquinoline (10 gl 0.0774 mol.) in 
concentrated sulphuric acid (65 ml.) chilled in an ice-salt 
bath. Addition was carried out over 1.5 h. at such a rate 
that the temperature of the mixture did not exceed 4°C. The 
solution was stirred for an additional 2 h. during which it 
was allowed to warm slowly to room temperature and then poured 
into an ice-water mixture. After neutralisation by cautious 
addition of ammonia with cooling, the yellow precipitate of 
5-nitroisoquinoline (12.5 gl 92%) was filtered and recrystal-
lised from ethanol to pale yellow needles m.p. 105-l07°C. 
(lit., 153 l06-l09oC). 
Preparation of 3-methyl-5-nitroisoquinoline 
Using the above method, 3-methylisoquinoline (10 g; 
0.07 mol.)was similarly converted to 3-methyl-5-nitro-
isoquinoline with potassium nitrate (8 g, 0.08 mol.) in 
concentrated sulphuric acid (60 ml.). Recrystallisation 
from ethanol gave 3-methyl-5-nitroisoquinoline (11.49 g; 87~), 
as yellow needles m.p. 106-l0aoC (lit., 153 105-l0aOC). 
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(c) Reissert Reaction with Ch1oroformates 
General Procedure Et utilizing a phase transfer catalyst 
Methyl or phenyl ch1oroformate (0.07 mol.) was added 
dropwise over a period of 2 hours to a stirred mixture of 
the quinoline or isoquino1ine (0.035 mol.) in methylene 
chloride (75 m1.) and potassium cyanide (0.105 mol.) in 
water (12 ml.) containing 1% (with respect to potassium 
cyanide) of benzyl trimethy1ammonium chloride. The mixture 
was stirred for a fUrther 6 hours at room temperature and 
the layers were separated. The aqueous layer was washed 
with methylene chloride and the combined organic layers 
washed with water, 2N hydrOchloric acid, water, 2N sodium 
hydroxide and water. The solution was dried over anhydrous 
potassium carbonate and evaporated slowly under reduced 
pressure to give the Reissert compound. 
General Procedure F. in the absence of a phase transfer catalyst 
Methyl or phenyl ch10roformate (0.07 mol.) was added 
dropwise over two hours to a stirred mixture of the quinoline 
or isoquino1ine (0.035 mol.) in methylene chloride (75 m1.) 
and potassium cyanide (0.105 mol.) in a minimum of water. 
The mixture was stirred for a fUrther 6 hours at room temper-
ature and the layers were separated. The aqueous layer was 
washed with methylene chloride and the combined organic layers 
washed with water, 2N hydrochloric acid, water, 2N sodium 
hydroxide and water. After drying over anhydrous potassium 
carbonate the solution was slowly evaporated under reduced 
pressure to give the product. 
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N-Methoxycarbonyl-l,2-dihydroisoguinoline-l-carbonitrile 
Method E. Use of isoquinoline (10.33 g; 0,08 mol.), 
methyl chloroformate (15.12 g; 0.16 mol.) potassium cyanide 
(15.6 g; 0.24 mol.) and BTMAC (0.15 g) gave N-methoxycarbonyl-
l,2-dihydroisoquinoline-l-carbonitrile (142, R=H, R=Me) (11.9 g; 
69%). Recr,ystal1isation from ethyl acetate gave colourless 
rhombs m.p. 84-850e (lit., 44 83-850C), 
N-Methoxycarbonyl-3-methyl-l.2-dihydroisoguino1ine_l_ 
carbonitrile 
Method E. Use of 3-methylisoquinoline (10 g; 0.07 mol.) 
methyl chloroformate (13.23 g; 0.14 mol.),potassium cyanide 
(13.65 g; 0.21 mol.) and BTMAe (0.13 g) gave N-Methoxycarbonyl-
3-methyl-1,2-dihydroisoquinoline-l-carbonitrile (142, R'=Me, 
R=Me) (10.2 g; 64%). Recr,ystallisation from benzene-light 
petroleum (60-800e) gave colourless rhombs m.p. 63-65°e (lit.,8l 
60-61°, which gives, Found, e, 68.6; H, 5.35; N, 12.4· 
e13H12N202 requires e, 68.4; H, 5.3; N, 12.3%). 
Method F. Use of 3-methylisoquinoline (10 g; 0.07 mol.), 
methyl chloroformate (13.23 g; 0.14 mol.) and potassium 
cyanide (13.65 g; 0.21 mol.) gave N-methoxycarbonyl-3-methyl-
l,2-dihydroisoquinoline-l-carbonitrile (142, R'=Me, R=Me) 
(7.9 g; 53%) having identical i.r. and n.m.r. spectra with 
the sample prepared as described above. Recr,ystallisation 
from benzene-light petroleum (60-BOoe) gave colourless rhombs 
m.p. 63-650e (lit.,Bl 60-6loC). 
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N-Methoxycarbonyl-4-methyl-l,2-dihydroguinoline-2-carbonitrile 
Method E. Use of 4-methylquinoline (5 g; 0.035 mol.), 
methyl chloroformate (6.615 g; 0.07 mol.) potassium cyanide 
(6.8 g; 0.105 mol.) and BTMAC (0.06 g) gave N-methoxycarbonyl 
-4-methyl-l,2-dihydroguinoline-2-carbonitrile (143, R'=Me, 
RzMe) (4.9 g; 61%) as colourless rhombs m.p. 9O-92oC from 
ethanol. (Found C, 68.6; H, 5.3; N, 11.9. c13H12N202requires· 
C, 68.4; H, 5.3; N, 12.3%), »max 2238 (CN), 1710 (N-C=O) and 
1600 cm-l (c=e), 87.75-7.05 (4H, m, aromatic), 6.05 (lH, d, 
C2-H), 5.78 (lH, split doublet, C3-H), 3.84 (3H, s, OMe), 
2.23 (3H, s, c4-Me). 
Method F. Use of 4-methylquinoline (5 g; 0.035 mol.) 
methyl chloroformate (6.615 g; 0.07 mol.) and potassium 
cyanide (6.8 g; 0.105 mol.) gave N-methoxycarbonyl-4-methyl-
l,2-dihydroquinoline-2-carbonitrile (143, R'=Me, R-Me) (1.5 g; 
20%) re crystallised from ethanol as colourless rhombs m.p. 
9O-92oC having identical i.r. and n.m.r. spectra with the 
sample described above. 
3-Methyl-N-phenoxycarbonyl-l,2-dihydroisoguinoline-l-
carbonitrile 
Method E. Use of 3-methylisoquinoline (5 g; 0.0335 mol.), 
phenyl chloroformate (10.42 g; 0.067 mol.) potassium cyanide 
(6.5 g; 0.10 mol.) and BTMAC (0.06 g) gave3-methyl-N-phenoxy-
carbonyl-l,2-dihydroisoguinoline-l-carbonitrile (142. R'=Me, 
R=Ph) (7.5 g; 75;~) as colourless rhombs m.p. 122-124°C from 
ethyl acetate. (Found C, 74.5; H, 4.9; N, 9.6. ClsH14N20 
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requires C, 74.5; H, 4.9; N, 9.65%),» 2240 (CN), 1715 
max 
(N-C-O), and 1642 cm-I. 8'7.6-7.0 (9H, m, aromatic), 6.54 
(lH, s, Cl-H), 6.30 (lH, finely split singlet, C4-H), 2.45 
(3H, s, C3-Me). 
(d) Miscellaneous 
N-Benzoyl-3-methyl-l.2-dinydroisoquinoline-l-carbonitrile 
Method C. Use of 3-methylisoquinoline (5 g; 0.035 mol.). 
benzoyl chloride (9.81 g; 0.07 mol.), potassium cyanide (6.5 g; 
0.1 mol.) and BTMAC (0.06 g) gave N-benzoyl-3-methyl-l,2-
dihydroisoquinoline-l-carbonitrile (146, R'=Me, R=Ph) (7.4 g; 
77%) recrystallised from ethyl acetate as colourless rhombs 
m.p. 142-143°C (lit.,79 127-1280c; lit.,78 134-135°0). »max 
2240 (CN), 1640 (N-C=O) and 1602 cm-I (C=C), 7.65-7.1 (9H, 
m, aromatic), 6.49 (lH, s, Cl-H), 6.26 (lH, s, C4-H) and 
1.83 (3H, s, C3-Me). 
Method D. Use of 3-methylisoquinoline (5 g; 0.035 mol.), 
benzoyl chloride (9.8 g; 0.07 mol.) and potassium cyanide 
. (6.5 g; 0.10 mol.) gave N-benzoyl-3-methyl-l,2-dihydroiso-
quinoline-l-carbonitrile (146, R'=Me, R=Ph) (6.0 g; 63%) 
recrystallised from ethyl acetate as colourless rhombs m.p. 
142-1430 C. This sample had identical i.r. and n.m.r. spectra 
to that described above. 
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PART IIII Pyrrolo 12,1-aJphthalazines 
General Procedure 
White powdered potassium t-butoxide (0.012 mol.) was 
prepared by adding potassium to dry t-butyl alcohol and 
refluxing under nitrogen until all the metal was dissolved. 
The t-butyl alcohol was distilled off and the white solid 
was heated to an oil-bath temperature of 1500C at 0.1 mmHg 
for 2 hours. Dry dimethylsulphoxide (75 ml.) was added 
after cooling and the mixture stirred to produce a suspension 
under nitrogen at room temperature. The phthalazine Reissert 
compound, N-acyl-l,2-dihydrophthalazine-l-carbonitrile 
(0.003 mol.) dissolved in dry dimethylsulphoxide (25 ml.) 
was added dropwise over 5 min. producing a dark red colour. 
After stirring for a further 5 min., acrylonitrile (0.003 mol.) 
was added dropwise. During addition, the dark red colour 
faded to a pale orange red. After stirring for a further 
hour at room temperature, most of the dimethylsulphoxide was 
evaporated under reduced pressure. The residue was suspended 
in water and extracted with chloroform after adjusting to 
neutral pH. The chloroform extract was washed with dilute 
hydrOChloric acid and water, dried over anhydrous potassium 
carbonate, and evaporated to give the pyrrolo /i,l-lid phthalazine. 
)-Phenylwrrolo[2, l-a] phthalazine-2-carboxamide (152, R=H) 
Use of potassium t-butoxide (0.008 mol.) with N-benzoyl-
1,2-dihydrophthalazine-l-carbonitrile (134, R=Ph) (0.6 gl 
0.002 mol) and acrylonitrile (0.1 g; 0.002 mol.) gave 3-phenyl-
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p:yrrolo[2,1-aJphthalazine-2-carboxamide (152, R=H) (0.43 g; 
65%) as orange red needles m.p. 2l0-2lloC from methanol. 
(Found C, 75.15; H, 4.6; N, 14.3. ClaH13N30 requires C, 
75.2; H, 4.6; N, 14.6%), V 3430, 3320 and 1632 cm-l 
max 
(CONH2), 88.2-6.8 (UH, m, aromatic), 5.8 br (2H, s, exchange-
able, NH2) ppm., Amax 246 (logE 4.18), 284 (4.66), 366 (3.9) 
and 446 nm (3.72), m/e 287. 
3-(p-Methoxyphenyl)pyrrolo [2,l-aU phthalazine-2-carboxamide 
(152, R=OMe) 
Use of potassium t-butoxide (0.012 mol.) with N-(p-
methoxybenzoy~l,2-dihydrophthalazine-l-carbonitrile (134, 
R=P-MeOC6H4) (0.8 g; 0.003 mol.) and acrylonitrile (0.16 g; 
0.003 mol.) gave 3-(p-methoxyphenvl)pyrrolol2,l-aJphthalazine-
2-carboxamide (152, R-OMe) (0.52 g; 60%) as red needles m.p. 
l77-l78°C from methanol. (Found C, 71.9; H, 4.8; N, 13.0. 
ClgR15N302 requires C, 71.9; H, 4.8; N, 13.2%), Vmax 3460, 3340 
and 1638 cm-l (CONH2), B8.2-6.8 (lOH, m, aromatic), 5,10 br. 
(2H, s, exchangeable, NH2), 3.92 (3H, s, p-OMe) ppm., Amax 
282 (logE 4.58), 293 (4.59), 370 (3.85) and 450 nm. (3.63) 
m/e 317. 
3-(p-Methylphenyl)pvrrolo[2,1-aJphthalazine-2-carboxamide 
(152, R=Me) 
Use of potassium t-butoxide (0.0145 mol.) with N-(p-
methylbenzoyl)-l,2-dihydrophthalazine-l-carbonitrile (134, 
R=p-MeC6H4) (1.0 g; 0.0036 mol.) and acrylonitrile (0.02 g; 
0.0036 mol.) gave 3-(p-methylphenvl)pyrrolO rz.l-aJphthalazine-
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2-carboxamide (152, R=Me) (0.58 g; 54%) as red needles m.p. 
175-1780C from ethanol. (Found C, 75.2; H, 5.0; N, 14.15. 
Cl gH15N30 requires C, 75.73; H, 5.0; N, 13.95%), ~max 3442, 
3327 and 1630 cm-l (CONH2), 88.2-6.8 (lOH, m, aromatic), 
6.34 br. (2H, s, exchangeable, NH2), 2.47 (3H, s, Me) ppm., 
I\nax 255 (logE 4.39), 293 (4.75), 372 (3.85) and 450 nm (3.72), 
m/e 301. 
3-(p-Chlorophenyl)pyrrolo[2, l-aJphthalazine-2-carboxamide 
(152, R=Cl) 
Use of potassium t-butoxide (0.01 mol.) with N-(p-
chlorobenzoyl)-1,2-dihydrophthalazine-l-carbonitrile (134, 
Rap-CIC6H4) (0.8 g; 0.0027 mol.) and acrylonitrile (0.14 g; 
0.0027 mol.) gave 3-(p-chlorophenyl)pyrroloC2.1-aJphthalazine-
2-carboxamide (152, R=Cl) (0.56 g; 63%) as orange red needles 
m.p. 200-2020C from ethanol. (Found C, 66.9; H, 3.9;.N, 12.8. 
ClsH12N3OCl requires C, 67.2; H, 3.8; N, 13.1%), ~max 3448, 
3343 and 1633 cm-l (CONH2), 88.2-6.7 (lOH, m, aromatic), 
6.38 br. (2H, s, exchangeable, NH2) ppm. ~ 257 (log! 4.39), 
293 (4.91), 372 (4.13) and 450 nm (3.91), m/e 321. 
1-(2H)Phthalazinone-4-carboxylic acid (157) 
Potassium permanganate (212 g; 1.34 mol.)in hot water 
(21.) was added dropwise to a mixture of naphthalene (32 g; 
0.256 mol.) and potassium carbonate (20 g; 0.145 mol.) in 
water (500 ml.) while refluxing. The mixture was refluxed 
for a further one hour, filtered and the filtrate treated 
with dilute hydrochloric acid to pH 8. A mixture of hydr~ine 
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sulphate (32 g.) and sodium hydroxide (12 g.) in water 
(150 ml.) was added slowly with stirring and the solution 
was concentrated to about 500 ml. Acidification with 100 ml. 
of concentrated· hydrochloric acid resulted in 1-(2H)phth-
alazinone-4-carboxylic acid (36 gl 85%) which was filtered, 
washed with water and dried to a white solid m.p. 2500C 
(decomp.) (lit.,l54 250oC). 
1-(2H)Phthalazinone (158) 
l-(Zli)Phthalazinone-4-carboxylic acid (15 g; 0.08 mol.) 
was dissolved in diphenyl ether and heated to an oil-bath 
temperature of 240-245°C. The acid dissolved with evolution 
of carbon dioxide. 1-(2H)Phthalazinone (11.8 g; 96%) 
crystallised from the diphenyl ether on cooling to room 
temperature giving colourless needles m.p. 184-1850C (lit.,92 
182-l84°C). 
l-Chlorophthalazine 
1-(2H)Phthalazinone (5 gl 0.032 mol.) was refluxed 
on a steam bath with phosphoryl chloride (15 ml.) until 
solid began to separate. The mixture was then poured into 
2N sodium hydroxide and crushed ice. l-Ghlorophthalazine 
(4.0 g; 76%) was filtered, washed with water and dried in 
vacuo over calcium chloride. Recrystallisation from carbon 
tetrachloride gave pale yellow plates m.p. 
e 96 0 ) lit., 109-111 C • 
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o 110-112 C. 
PART IVI Imidazo[5,1-aJisoquinolines 
General Procedure 
A suspension of sodium hydride (0,023 mol.) in dry 
dimethylformamide (50 ml.) was stirred at oOe under 
nitrogen. The Reissert compound, N-methoxycarbonyl-l,2-
dihydroisoquinoline-l-carbonitrile (0.02 mol.) in dry 
dimethylformamide (25 ml.) was added dropwise during 5-10 
min, The mixture was stirred for a further 15 min. to allow 
complete formation of the Reissert anion (hydrogen was 
evolved). Phenyl or methyl isothiocyanate (0.023 mol.) 
was added dropwise over 5 min. The mixture was stirred for 
a further 2 hours at oOe and then poured onto crushed ice. 
The precipitate formed on warming to room temperature was. 
extracted into chloroform and washed with water. After 
drying over magnesium sulphate, the chloroform was evaporated 
under reduced pressure to give the product. 
Use of the above procedure with N-methoxycarbonyl-3-
methyl-l,2-dihydroisoquinoline-l-carbonitrile (1.14 g; 
0.005 mol.) and phenyl isothiocyanate (1.15 g; 0.003 mol.) 
gave 5=methyl-3-oxo-2-phenyl-l-thio-l,2,3,10b-tetrahydro-
imidazo[Sll-aJisoquinoline-lOb-carbonitrile (17.3) (0.96 g; 
58%) recrystallised from benzene-light petroleum (60-80oe) 
as yellow rhombs m.p. 167-16Soe. 
Analytical Data 
Found I e, 68.8; H, 4.0; N, 12.8; S, 9.6%, el~13N3OS 
requires e, 68.9; H, 3.95; N, 12.7; S, 9.7%). 
i.r. 1Jmax 2240 (CN), 1780 (C-O), 1650 (C=o), 1600 (aryl 
C=o) and 1142 cm-1 (C"IS). 
u.v. -\a.x 225 (logE: 4.7.3), 277 (4.69) and 4J5 (3.09) nm. 
~ n.m.r. 88.4 (lH, split doublet, CI0-H), 7.6-7.15 (8H, m, 
aromatic), 6.JJ br. (lH, s, C6-H), 2.52 br. (3H, 
s, C5-Me). 
IJC n.m.r. (multiplicities from off-resonance decoupled 
spectrum, ppm. downfield from T.M.S.) 190.259 
(s, C"IS), 151.654 (s, C=O), 132.850 and 131.242 
(singlets, 6a-C and 10a-C), IJO.715, 129.911, 
129.578, 127.914, 127.581, 126.499 (aromatic 
carbons), 124.614 (s, C-5), 115.267 (d, C-6), 
114.962 (s, CN), 66.151 (s, lOb-C), 19.254 (q, C5-Me). 
Mass spectrum (L.U.T.) m/e JJl (62%), J16 (16), J05 (lJ), 
299 (2), 274 (8), 245 (3), 218 (4), 197 (11), 
186 (30), 168 (71), 142 (48), IJ5 (100), 115 (27), 
77 (25), 51 (20), J9 (11). 
(P.C.M.U.) m/e JJl (JJ%), J16 (16), J05 (48), 
299 (6), 274 (lJ), 245 (3), 214 (4), 218 (5), 
197 (5), 186 (100), 168 (JO), 152 (6), 142 (48), 
IJ5 (42), 119 (6), 115 (27), 77 (8), 4J (5), 28 (49). 
Accurate mass m/e J05.0747 (C1BH13N2OS requires J05.0749), 
m/e JJl.0776 (C19HIJNJOS requires JJl.0780), 
m/e 186.0377 (C11H8NS requires 186.oJ78). 
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Hydrolysis of s-methyl-3-oxo-2-phenyl-l-thio-l,2,3,10b-
tetrahydroimidazoB,l-aJisoguinoline-lOb-carbonitrile (173) 
using 99% sodium hydroxide in aqueous dioxan at room 
temperature for 12.5 h. 
A saturated solution of sodium hydroxide in water 
(10 ml.) was added dropwise to a stirred solution of the 
yellow compound (1 g.) in dioxan. The purple colour which 
appeared,faded to a pale yellow after 0.5 h. After stirring 
for a further 12 hours at room temperature, most of the 
dioxan-was evaporated under reduced pressure. Water and 
chloroform were added and the layers were separated. The 
aqueous layer was washed with chloroform and the combined 
organic extract was washed with water and dried over anhydrous 
potassium carbonate. Evaporation of the chloroform gave 
3-methvl-N-phenylisoguinaldamide (184) (0.25 g; 3l%) which 
crystallised from benzene-light petroleum (60-80oC) as 
colourless plates m.p. l35-l37°C. (Found C, 77.51 H, 5.4; 
N, 10.7. Cl~14N20 re~uires C, 77.81 H, 5.4; N, 10.7%) 
~ 3310 (NH). and 1668 cm-l (N-C=O), 89.6 br. (lH, s, 
m~ 
exchangeable, NH), 7.9-7.0 (lOH, m, aromatic). 2.72 (3H, s, 
Me), m/e 262. 
Synthesis of 3-methyl-N-phenylisoguinaldamide (184) 
3-Methylis~uinaldic acid was prepared using the method 
of Padbury and Lindwall. l03 N-Benzoyl-3-methyl-l,2-dihydro-
is~uinoline-l-carbonitrile (181) (10 g; 0.036 mol.) and 
35 ml. of 10% sulphuric acid were boiled under reflux for 
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6 h. steam was then passed through the mixture to remove 
benzaldehyde. The mixture was then cooled and filtered. 
SodiQ~ hydroxide (10%) was added to the filtrate until the 
solution was almost neutral and the mixture was again 
filtered. The clear solution was heated to boiling and 
excess copper sulphate solution was added. The grey copper 
salt was collected, washed thoroughly with hot water and 
suspended in 100 ml. of hot water. Hydrogen sulphide was 
passed in until precipitation of copper sulphide was complete 
(10 min.) The copper sulphide was filtered and the filtrate 
was evaporated under reduced pressure after treatment with 
de colouring charcoal, to give 3-methylisoquinaldic acid. 
The crude acid, thus prepared, was refluxed for one 
hour with a molar excess of thionyl chloride. Excess thionyl 
chloride was distilled and the resulting acid chloride was 
suspended in benzene. This was stirred for 1 h. with an 
equimolar quantity of aniline and extracted with chloroform. 
The chloroform extract was washed with ZN hydrochloric acid 
and water and dried (KZCOJ ). Evaporation under reduced 
pressure gave J-methyl-N-phenylisoquinaldamide (184) (1.8 g; 
19%).' Recrystallisation from benzene-light petroleum (60-
80oC) gave colourless plates m.p. l34-l37°C having identical 
i.r. and n.m.r. spectra with the sample obtained from the 
hydrolysis as described above. 
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Hydrolysis of S-methyl-3-oxo-2-phenyl-l-thio-l.2,3,10b-
tetrahydroimidazo~,l-aJisoguinoline-lOb-carbonitrile (123) 
using 3% aqueous sodium hydroxide in dioxan at room 
temperature for 12.5 h. 
The hydrolysis was repeated as described above but 
using 30% sodium hydroxide solution at room temperature for 
12.5 h. Evaporation of chloroform after work-up as described 
gave a red oil. Purification and separation by t.l.c. and 
column chromatography on neutral alumina using toluene-ethyl 
acetate (4,1) gave three major fractions. Evaporation of the 
first fraction gave 3-methy1-N-phenylisoquinaldamide (184) 
(0.7 gl 12%) having identical spectral data with previously 
prepared samples. 
Evaporation of the second fraction gave 3-methyl-N-
phenylthioisoguinaldamide (190) (0.75 g; 1$%) recrystallised 
from benzene-light petroleum (60-800 e) as bright yellow 
rods m.p. 194-19soe. (Found e, 73.3; H, 5.1; N, 9.9. 
e1~14N2S requires e, 73.3; H, S.l; N, 10.1%), Vmax 3200 
(NH), 1495 and 1380 cm-I (e=6), 88.9 (lH, d, NH), 8.2-7.2 
(lOH, m, aromatic), 2.37 (3H, s, Me), ~ax 218 (loge 4.43), 
292 (4.13) and 325 nm. (4.14), m/e 2781}!]+ fragments, 
278 (61%), 277 (100), 262 (8), 245 (44), 186 (6), 175 (28), 
169 (11), 142 (50), lIS (33), 116 (17), 103 (20), 77 (11) 
and 51 (6). 
Evaporation of the third fraction gave s-methyl-3-oxo-
2-phenyl-l-thiol-2,3-dihydroimidazo[S,l-aQisoguinoline (191) 
(0.8 g; 17%) as purple rods m.p. 244-24soe. (Found, e, 70.51 
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H, 4.2, N, 9.1. ClSH14N2OS requires C, 70.6; H, 4.6, N, 
9.1.5%), ))max 1710 cm-l (C=0),S7.8-7.2 (100, m, aromatic), 
2.45 (JH, s, Me), )lmax 2J2 (log 4.89), 266 (4.69), J74 
(J. 84) and 490 nm. (J.51), m/e J05 [M-I] + fragments I 306 
(20%), 305 (60), 245 (5), 228 (5), 214 (3), 186 (100), 152 
(10), 142 (50), IJ8 (15), 116 (lJ), 115 (2J), 85 (10) and 
8J (15), ac=ate mass m/e 305.0747 (ClgHlJN2OS requires 
J05.0749). m/e 186.0J77 (CIIH8NS requires 186.0378), m/e 
578.1789 (CJ6H26N402S requires 578.1777). 
This compound was also isolated in 2.5% yield when 
the original condensation (p.1~S) was repeated, carefully 
monitered by t.l.c. and separated by column chromatography. 
HydrOlysis of 3-methyl-N-phenylthioisoguinaldamide (190) 
J-Methyl-N-phenylthioisoquinaldamide (0.5 g) in dioxan 
(10 ml.) was stirred with JO% sodium hydroxide solution 
overnight. Most of the dioxan was evaporated under reduced 
pressure. Water was added and the mixture was extracted with 
chloroform and washed with water. After drying over anhydrous 
potassium carbonate, evaporation of the chloroform gave J-
methyl-N-phenylisoquinaldamide (0.J7 g; 79%). Recrystallisation 
from benzene-light petroleum (60-80oC) gave colourless plates 
m.p. 135-137°C having identical i.r. and n.m.r. spectra with 
previously prepared samples. 
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Condensation of N-methoxycarbonyl-l.2-dihydroisoguinoline_ 
l-carbonitrile (198) with phenyl isothiocyanate 
Use of sodium hydride (0.65 g; 0.027 mol.) with N-
methoxycarbonyl-l,2-dihydroisoquinol1ne-l-carbonitrile (5 g; 
0.023 mol.) and phenyl isothiocyanate (3.6 g; 0.027 mol.) in 
the general procedure gave a red oil on evaporation of 
chloroform. Separation by column chromatography on neutral 
alumina with toluene-ethyl acetate (111) gave two compounds; 
3-oxo-2-phenyl-l-thio-l, 2, 3-l0b-tetrahydroimidazo [5, I-a] iso-
quinoline-lOb-carbonitrile (199) (2.6 g; 35%) as yellow 
rhombs m.p. l52-lj4oC from benzene-light petroleum (60-800c). 
(Found c, 67.7; H, 3.5; N, 13.2. ClaHllN30S requires C, 68.1; 
H, 3.5; N, 13.2%), Vmax 2240 (CN), 1778 (CcO), 1623 (C=e) and 
1140 cm-l (C=6), 88.6 (lH, m, ClO-H), 7.75-7.25 (SH, m, 
aromatic), 6.98 (lH, d, C5-H) , 6.48 (lH, d, C6-H), m/e 317 
and 172 (Cl0H6NS+) and 3-oxo-2-phenyl-l-thiol-2,3-dihydro-
imidazo [5, I-§! isoguinoline (200) (1. 7 g; 25%) recrystallised 
from ethyl acetate to dark red rods m.p. 295-296°C. (Found" 
c, 69.8; H, 3.8; N, 9.7. CliHl2N2OS requires C, 69.8; H, 4.1; 
N, 9.6%),))max 1715 (CcQ), and 1600 cm-l (C=e), 7.8-7.2 
(llH, m, aromatic, C5-H and C6-H), Amax 266 (logE 4.12), 366 
(3.77) and 480 nm. (3.46), m/e 291 [}!-l]+ fragments I 292 (13%), 
291 (34), 172 (100), 173 (17), 131 (15), 129 (10), l28 (72), 
101 (21) and 77 (15), m/e 172.0639 (ClOHsN20 requires 
172.0637). 
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Hydrolysis of 3-oxo-2-phenyl-l-thio-l,2,3,10b-tetrahydro-
imidaz0[5,l-aJisoquinoline-lOb-carbonitrile (199) 
Hydrolysis of the named compound (1 g) was carried out 
as described above for the 5-methyl analogue, using 3~ 
sodium hydroxide solution (10 ml,) Evaporation of solvents 
after separation by column chromatography gave N-phenyliso-
quinaldamide (201) (0,2 g; 26%) re crystallised from benzene-
light petroleum (60-80oC) as colourless plates m,p, 120-
1210C (lit,,98 119-121oC), 
N-Phenylsulphonyl-l,2-dihydroisoquinoline-l-carbonitrile 
Benzenesulphonyl chloride (27,38 g; 0,155 mOl,) was 
added dropwise over 2 hours to a stirred mixture of potassium 
cyanide (15 g; 0,023 mOl,) and isoquinoline (10 g; 0,077 mol,) 
in water (150 ml,), After stirring for a further 4 hours at 
room temperature, the solid formed was filtered, washed with 
dilute hydrochloric acid and water and dried in vacuo. 
Recrystallisation from ethanol gave N-phenylsulphonyl-l,2-
dihydroisoquinoline-l-carbonitrile (12.5 g; 83%) as colourless 
rhombs m.p. 110-112oC (lit.,155 109-112oC). 
l-Cyanoisoguinoline (isoquinaldonitrile) 
A mixture of N-phenylsulphonyl-l,2-dihydroisoquinoline-
l-carbonitrile (5 g; 0.017 mol.) and sodium hydride (0.4 g; 
0.017 mol.) was refluxed for 1 hour in dry xylene (50 ml.). 
. - + Sod1um benzenesulfinate, PhSO.O Na , was filtered and the 
filtrate evaporated under reduced pressure. The solid 
obtained was suspended in water and extracted with ether. 
-165-
The ether extract was washed with ZN hydrochloric acid and 
water and dried over anhydrous magnesium sulphate. Evapor-
ation of ether gave l-cyanoisoquinoline (0.3 g; 15%) 
recrystallised from light petroleum (60-80oC) as colourless 
plates m.p. 88-890c, (lit.,155 87-890C). 
Preparation of N-phenylisoguinaldamide (ZOl) 
Thionyl chloride (6 ml.) in dry benzene (40 ml.) was 
added to a solution of isoquinaldic acid (Z g; 0.115 mol.) 
in dry benzene (120 ml.) and the mixture refluxed until 
evolution of hydrogen chloride ceased. The bright red 
solution was cooled to room temperature and to it was added 
a solution of aniline (4 ml.) in dry benzene (40 ml.). The 
colourless solid which separated was collected by filtration, 
and washed with benzene. Recrystallisation from benzene-
light petroleum (60-80oc) gave N-phenylisoquinaldamide (ZOl) 
(0.6 gl Z1%) as colourless plates m.p. 119-lZ1oC, (lit.,98 
119-121oC). This compound had i.r. and n.m.r. spectra 
identical with the sample obtained from hydrolysis of 3-oxo-
Z-phenyl-l-thio-l,Z,J,lOb-tetrahydroimidazo[5,l-a]isoquinoline-
10b-carbonitrile described above. 
Condensation of N-methoxycarbonyl-J-methyl-l,Z-dihydroiso-
guinoline-l-carbonitrile (ZOS) with methyl isothiocyanate 
Use of sodium hydride (0.17 gl 0.007 mol.) with N-
methoxycarbonyl-J-methyl-l,Z-dihydroisoquinoline-l-carbo-
nitrile (Z05) (1.0 gl 0.004 mol.) and methyl isothiocyanate 
(0.5 gl 0.007 mol.) in the general procedure gave Z,5-dim~thyl-
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3-oxo-l-thio-l. 2. 3. 10b-tetrahydroimidazo [';. l-a:! isoouinoline-
10-carbonitrile (206) (0.6 g; 55%) recrystallised from 
benzene-light petroleum (60_80oc) as colourless rhombs m.p. 
159-1600C. (Found C, 62.5; H, 4.0; N, 15.3. C14HIIN3°S 
requires C, 62.4; H, 4.1; N, 15.6%), »max 2235 (CN), 1770 
(C=o), 1655 (C=C) and 1135 cm-l (C=s), 88.38 (lH, split 
doublet, CIO-H), 7.5-7.1 (3H, m, aromatic), 6.25 (lH, s, 
C6-H), 3.38 (3H, s, N-Me), 2.49 (3H, s, C5-Me). 
Condensation of N-methoxycarbonyl-1.2-dihydroisoguinoline-
1-carbonitri1e (198) with methyl isothiocyanate 
Use of sodium hydride (0.36 g; 0.015 mol.) with N-
methoxycarbonyl-1,2-dihydroisoquinoline-1-carbonitri1e (198) 
(2.5 gl 0.012 mol.) and methyl isothiocyanate (1.09 g; 
0.015 mol.) in the general procedure gave 2-methyl-3-oxo-1 
thiol-2.3-dihydroimidazo[5.1-aJisoguino1ine (203) (1.0 g; 
3a%) recrystallised from ethyl acetate as dark red rods m.p. 
276-277°C. (Found c, 62.7; H, 4.0; N, 12.1. C12HION2OS 
requires C, 62.6; H, 4.4; N, 12.2%), ~max 1710 cm-l (C=O), 
88.0-7.1 (6H, m, aromatic, C5-H and C6-H), 3.38 (3H, s, 
N-Me),).. 265 (10g E 4.04), 356 (3.75) and 480 nm. (3.50), 
max 
m/e 229 [M-l,t, fragments 230 (14%), 229 (71), 173 (20), 172 
(100), 129 (17), 128 (80), and 101 (14). Accurate mass m/e 
426.1151 (C24H18N402S requires 426.1151), m/e 229.0436 
(C12HgN2OS requires 229.0436), m/e 172.0639 (C1OH6NS requires 
172.0637). 
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Condensation of N-methoxycarbonyl-l,2-dihydrophthalazine-
l-carbonitrile (226) with phenyl isothiocyanate 
Use of sodium hydride (0.168 g; 0.007 mol.) with N-
methoxycarbonyl-l,2-dihydrophthalazine-l-carbonitrile 
(1.075 g; 0.005 mol.) and phenyl isothiocyanate (0.94 g; 
0.007 mol.) in the general procedure gave N-methoxycarbonyl-
1-(N-phenylthiocarboxamide)-1.2-dihydrophthalazine-l-carbo-
nitrile (227) (0.11 g; 7%) as pale yellow rhombs m.p. 153-
Ij40C from ethanol. (Found c, 61.5; H, 4.3; N, 15.5. 
ClaK14N402S requires C, 61.7; H, 4.0; N, 15.9%), »max 3220 
(NH), 2250 (CN), 17)0 (C=o), 1500 and 1130 cm-l (CSNH), 
88.25-7.0 (llH, m, aromatic, NH and C4-H), 3.95 (3H, s, OMe), 
m/e 350 and 135 (C6H5NCS+). 
2-PyrEolethiocarbanilide (216) 
A mixture of pyrrole (9.93 g; 0.148 mol.) and phenyl 
isothiocyanate was heated to an oil-bath temperature of 
110-11SOC for 72 hours. The resulting black tarry material 
was transferred using chloroform to a 500 ml. round-bottom 
flask and was refluxed repeatedly with light petroleum (b.P. 
60-80oc). Filtration and cooling of the successive solutions 
yielded a total of 12 g,(40%) of 2-pyrrolethiocarbanilide 
(216). Recrystallisation from light petroleum (60-80oC) gave 
yellow needles m.p. 97-9SoC (lit.,156 96-97°C). 
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2-Phenylpyrrolo[i,2-c]-1-thiohydantoin (210) 
Triethylamine (l,S ml.) was added to a mixture of 
2-pyrrolethiocarbanilide (216) (1.0 g; O.OOS mol.) and 
phenyl isothiocyanate (1.2 g; 0.01 mol.) resulting in a 
vigorous exothermic reaction. The orange red solid formed, 
was left to stand for IS min., washed with 10 ml. of 
petroleum ether (b.p. 30-40oC) and mixed thoroughly with 
SO ml. of chloroform. The insoluble N, N-diphenylurea was 
filtered and washed with chloroform. Evaporation of the 
filtrate under reduced pressure gave 2-phenylpyrrolo[1,2-c]-1-
thiohydantoin (210) (0.72 g; 64%) re crystallised from ethanol 
as orange red needles m.p. l40-l4loC, (lit.,126 l39.S-l40.Soc). 
~max l7BO (C=O) and l13S cm-l (C=s), l3C n.m.r. (DMSO-d6), 
lB3.6 (C=s), l4B.0 (C=o), 134.1 (7a-C), l32.B (N-Ph), l2B.9 
C!-Ph, ~Ph, and ~Ph, JC_H 2.8Hz), 119.2 (C-7, JC7-H 3.4Hz), 
llB.3 (C-6, JC6_H 2.7Hz), 114.3 (C-S, J C5-H 3.OHz). 
2-PhenylpmoloTl,2-Q] dithiohydantoin (211) . 
A mixture of 2-phenylpyrrolo [1,2-cJ -l-thiohydantoin 
(O.S g; 0.002 mol.) and phosphorus pentasulphide (1 g) was 
refluxed in xylene (IS ml.) for 22 hours. Filtration and 
evaporation of the filtrate to dryness under reduced pressure 
gave a residue which was refluxed with SO ml. of petroleum 
ether (b.p. 60-BOOc) for 10 min. Filtration and cooling of 
the solution gave 2-phenylpyrroloCL,2-c]dithiohydantoin (211) 
(0.22 g; 41%). 
red plates m. p. 
Recrystallisation from the same 
IJS-137°C (lit.,126 133-134°C). 
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solvent gave 
» 1138 max 
(C=s), 13C n.m.r. (DMSO-d6), 182.5 (C-l, C=s), 173.6 (C-3, 
C=s), 134.4 (7a-C), 134.3 (N-Ph), 129.4 C!!!,-Ph and ,p.-Ph, 
JC_H 2.7Hz), 128.9 (Q-Ph, JC_H 2.8Hz), 119.3 (C-7, J C7_H 3.5Hz), 
118.8 (C-6, JC6_H 2.7Hz), 114.7 (C-5, JC5-H 3.0Hz). 
2-Eyrrolecarboxanilide (217) 
A mixture of pyrrole (10 g; 0.15 mol.) and phenyl 
isocyanate (17.75 g; 0.15 mol.) were left to stand at room 
temperature for 72 hours. 2-Pyrrolecarboxanilide (5 g; 18%) 
. which crystallised was filtered and washed with petroleum 
ether (60-80oc). Recrystallisation from methanol gave 
colourless prisms m.p. 153-154°c (lit.,130 1530C). 
2-PhenylpyrroloU,2-cJhydantoin (212) 
A mixture of 2-pyrrolecarboxanilide (217) (lg; 0.005 
mol.) phenyl isothiocyanate (1.3 g; 0.01 mol.) and triethyl-
amine (0.5 g) was heated at 6D-70oC for 22 hours. The 
resulting solid was washed with petroleum ether (b.p. 60-80oc) 
dried and stirred thoroughly with 150 ml. of chloroform. The 
insoluble N,N-diphenylurea was filtered and washed with 
chloroform. Evaporation of the. filtrate under reduced pressure 
gave 2-phenylpyrrolo[1,2-c]hydantoin (212) (0.66 gl 58%) 
° re crystallised from ethanol as colourless rods m.p. 226-228 C 
(lit.,127 226-227°C). ~max 1810 and 1730 cm-l (C=o) , 13C n.m.r. 
157.1 (C-l, C=O), 147.5 (C-3, C=O), 131.4 (N-Ph) , 128.8 C!!!,-
Ph, JC_H 2.8Hz), 128.2 (,p.-Ph, JC_H 2.8Hz), 127.0 (Q-Ph, 
JC_H 2.8Hz), 125.0 (7a-C), 119.8 (C-7. J C7-H 3.3HZ), 117.7 
(c-6, JC6_H 2.8Hz), 113.5 (C-5, JC5-H 3.0Hz) ppm. 
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Ethoxycarbonyl isothiocyanate 
A mixture of potassium thiocyanate (35.9 g; 0.37 mol.) 
and acetonitrile (130 ml.) was warmed on a steam bath and 
treated portion-wise with ethyl chloroformate (40 g; 0.37 
mol.). Heating was continued until the reaction mixture 
became hot and the inorganic precipitate thickened rapidly. 
At this point the mixture became yellow. The heat source 
was removed and the reaction allowed to run its course. The 
mixture was permitted to cool slowly to room temperature, 
chilled and suction filtered. Evaporation of the filtrate 
gave ethoxycarbonyl isothiocyanate (10 g) which distilled 
at 65-700 C (20 mmHg.) lit.,129 44-46°C (10 mmHg.) • 
N-Ethoxycarbonylpvrrole-2-thiocarboxamide (218) 
A mixture of pyrrole (5 g; 007 mol.) and ethoxycarbonyl 
isothiocyanate (9.2 g; 0.07 mol.) both ice-cold, was stirred 
occassionally and cooled as needed to prevent its temperature 
from rising above 400C. Within about 1 hour the mixture 
became very viscous, whereupon it was allowed to stand over-
night. Crystallisation from ethanol gave N-ethoxycarbonyl-
pyrrole-2-thiocarboxamide (218) (13.25 g; 90%) as red rhombs 
m.p. 99-l000C (lit. ,128 98.5-99.50C). ~max 3350 and 3325 
(NH), 1765 and 1740 (C=O) and 1120 cm-l (C=s). 
2-Thiopyrrole-l,2-dicarboximide (213) 
N-Ethoxycarbonylpyrrole-2-thiocarboxamide (218) (10 g; 
0.05 mol.) in quinoline (13 ml.) was heated on a sand bath 
until the temperature of the escaping vapour reached 1700 C. 
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The resulting tarry material was cooled then mixed with 
cold dilute hydrochloric acid and extracted with ether. 
The ether extract was washed with water, treated with charcoal 
and dried over anhydrous magnesium sulphate. Evaporation 
gave 2-thiopyrrole-l,2-dicarboximide (213) (5.6 g; 73%) 
re crystallised from ethanol as orange-red needles m.p. 140-
l4loC, (lit.,128 l40-l4l.5°C). ~max 3280 (NH), 1780 (C=O) 
and 1150 cm-l (C=s), l3C n.m.r. (DMSo-d6) 185.3 (C-l, C=s), 
149.0 (C-3, C=O), 134.9 (7a-C), 118.3 (C-7 and c-6, JC_H 3.0Hz), 
113.2 (C-5, JC_H 2.8 HZ). 
Pyrrole-l,2-dithiodicarboximide (214) 
2-Thiopyrrole-l,2-dicarboximide (213) (1.0 g; 0.006 mol.) 
and phosphorus pentasulphide (4 g) was refluxed in xylene 
(50 ml.) for 25 hours. The mixture was cooled, diluted with 
400 ml. of ether and filtered. The filtrate was treated with 
decolourising charcoal and dried over anhydrous magnesium 
sulphate. Evaporation of ether gave pyrrole-l,2-dithiodicar-
box imide (214) (0.53 g; 49%), re crystallised from carbon 
tetrachloride as dark purple rhombs m.p. l84-185°c, (lit.,128 
l83-184°c). "))max 3150 (NH) and 1135 cm-l (c=s), l3c n.m.r. 
(mso-d6) 183.1 (C-l, c=s), 173.5 (C-3, C=S), 134.7 (7a-C), 
116.9 (C-7 and C-6), 112.8 (C-5) ppm. 
Pyrrole-l.2-dicarboximide (215) 
To an ice cold solution of 2-thiopyrrole-l,2-dicarbox-
imide (213) (1 g; 0.006 mol.) and three crushed pellets of 
sodium hydroxide in absolute ethanol (30 ml.) was added 15 ml. 
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of hydrogen peroxide (30%) and the resulting mixture was 
kept in an ice-water bath for Z hours. After dilution with 
water to 150 ml. and acidification with dilute hydrochloric 
acid, the solution was saturated with sodium chloride and 
extracted with ether. The extract was washed with saturated 
brine, treated with charcoal and dried (MgS04)' Evaporation 
of ether gave pyrrole-l,Z-dicarboximide (Z15) (0.3 g; 34%), 
o ( U8 from ethanol as colourless rhombs m.p. Z09-2ll C, lit., 
Z08-ZlloC). »max 3z60 (NH), 1800 and 1765 cm-l (C~O). 
Ethvlpiperidine-2-carboxvlate 
Pyridine-Z-carboxylic acid (10 g; 0.08 mol.) was 
refluxed in dry amyl alcohol (400 ml.), and sodium (;Z g) 
was added over 1 hour. The resulting solution was poured 
into water (400 ml.), the alcohol was separated and extracted 
twice with water and the combined aqueous extracts were 
acidified with hydrochloric acid and evaporated under 
reduced pressure. The residue was extracted three times with 
absolute alCOhol (ZOO ml. in all), the alcohol removed, and 
the residue refluxed with absolute alcohol (50 ml.) and 
concentrated sulphuric acid (lO·ml.) for U hours. The 
alcohol was removed, the acid nearly neutralised with sodium 
hydroxide (15%), and the solution saturated with potassium 
carbonate and extracted with ether. Evaporation of ether 
gave ethyl piperidine-Z-carboxylate (6.1 g; 50%). Distillation 
gave a clear colourless oil b.p. 75-80oc (l-Z mmHg.) [lit.,157 
b.p. 9ZoC (lZ mmHg.)]. 
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Condensation of ethyl piperidine-2-carboxylate with 
phenyl isothiocyanate 
Ethyl piperidine-2-carboxy1ate (5 g; 0.03 g) and 
phenyl isothiocyanate (4 g; 0.03 mol.) in alcohol (25 ml.) 
were warmed on a steam bath for a few minutes. Fine white 
crystals (6.7 g; 86%) thought to be 2-phenylpiperidine[1,2-
c]-3-thiohydantoin were formed on cooling. Recrysta11isation 
from ethanol gave colourless rhombs m.p. 159-160oc, (lit.,13S 
159-159.5°C). Vmax 1750 (C=O) , 1602 (C=C aryl) and 1140 
(C=s). 13C n.m.r. 179.7 (s, C-l, C=O), 172.9 (s, C-3, C=s), 
133.4-12S.5 (aromatic carbons), 60.3 (d, Ba-C), 43.8 (t, 5-C), 
27.9-22.6 (m, c-6, C-7 and C-8). 
N-Ethy1thiol-carbonyl-3-methy1-1.2-dihydroisoguino1ine-1-
carbonitri1e (209) 
121 13 Sample provided by N. Choudhury. C n.m.r. 
(multiplicities from off-resonance de coupled spectrum) 
167.684 (C=o), 135.291 (s, 4a-C), 131.103 (s, Ba-C), 130.160, 
127.914, 125.612, 125.446 (4 aromatic carbOns), 117.264 
(d, c-4), 116.432 (s, CN), 48.1S0 (d, C-l), 26.076 (t, S-CH2-), 
21.389 (q, C3-Me), 15.149 (q, ethy1-CH3). 
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Reissert Compound Chemistry, Part 5,' Formation of Pyrrolo[1,2-a]-
quinolines and Pyrrolo[2,1-a]isoquinolines 
By Barrie C. Uff,· Ronald S. Budhram, Malcolm F. Consterdine, John K. Hicks. Brian P. Slingsby. 
and John A. Pemblington .. Department of Chemistry. Loughborough University of Technology. Lough ... 
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Treatment of a quinoline Reissert compound carrying a blocking group at the 4·position with base in the presence of 
acrylonitrile can lead in modest yield to the pyrrolo[1.2-aJquinoline system (8) and to an open chain ketone (11) 
d_erived via an intermediate tetrahydropyrro!o[1.2-a]quinoline. This behaviour contrasts with the more ready form-
ation of the pyrrolo[2.1-a]isoquinoline system (3) by a similar process. 
PVRROLo[2,I-a)ISOQUINOLINES 2 [e.g. (3)] can be syn-
thesised 3 by condensation at 0 'C of acrylonitrile with 
an anion of the type (2) generated from an isoquinoline 
Reissert compound (1) by phenyl·lithium in ether-
dioxan. Extension of this process to a quinoline 
Reissert corn pound would provide useful access to the 
analogous, burless well known,' pyrrolo[I,2Ca)quinoline 
series. Boekelheide and Godfrey reported,3 however, . 
that use of these conditions with N-benzoyl-l,2·dihydro-
quinoline-2-carbonitrile (4; R' = R' = H, R = Ph) 
sert compound (4; Rl = H, R' = Me, R = Ph) is 
known to give not a 4,4- but a 2,4·disubstituted 
product." 
. The anion from (4; R' = H, R' = Me, R = Ph) was 
generated by sodium hydride in dimethylfonnamide.· 
Addition of acrylonitrile at 0 'C resulted only in 2-
benzoyl-4-methylquinoline (7; R = Ph). Such a 1,2-
rearrangement via a Reissert compound anion is nonnally 
observed in the absence of a competing electrophile."·1 
In the case of alkylation we have observed that use of 
~~-~ ~~-C-QR 
CN H 
- [~J-OR] 
(1) 
7 6 
-
gave a product corresponding only to simple cyano· 
ethylation, although they did not establish whether the 
condensation had occurred at the 2-position or at the 
allylic 4-position of the quinoline ring. The latter site 
seems the more likely since, for example, we have 
observed that alkylation of the anion from 6-methyl-
quinoline Reissert compound (4; R' = Me, R' = H. 
R = Ph) with methyl iodide gives the 4,6-dimethyl 
product (6; R' = R' = Me, R3 = H).5 The presence 
of allylic coupling of the 4-methyl group with the C-3 
proton in the IH n.m.r. spectrum of (6; R' = R' = Me, 
R' = H) excludes the other possible structures (5; 
R' = R' = Me. R3 = H) and (6; RI = R3 = Me, 
R' = H). 
We have therefore re-examined the condensation of 
acrylonitrile with a quinoline Reissert compound, but 
with a blocking group at its 4.position. It was con-
sidered unlikely that a structure of type, (5) would result 
since alkylation of the anion of 4-methylquinoline Reis· 
1 Part 4. B. C. Uff. J. R. Kershaw. and S. R. Chhabra. ].C:S. 
Perk in I, 19i4, 1146. 
2 \V. L. Mosby, . Heterocyc1ic Systems with Bridgehead 
!'itrogen Atoms: Part 1. Interscience, New York, 1961, p. 344. 
S V, Boekelheide and]. C. Godfrey, J. A mer. Chem. Soc., 1953. 
75.3679. 
" Ref. 2. p. 335. 
(2) ! CH,=cWCN 
rQr;)-~"-DR] L CN CHCCH'CN 
low temperatures (0 'C or less) can suppress the re-
arrangement.' and we therefore repeated the procedure 
at -30°C. Work-up provided a solid which crystal-
lised from ethyl acetate as deep orange needles, m.p. 
136-137 °C, and was identified as 5-methyl-l-phenyl-
pyrrolo[I,2-a]quinoline-2.carboxamide (8; R = H). A 
two-proton 'H n.m.r. signal at a 6.55, removed by D,O 
and i.r. bands at 3 435, 3 285, and 1 625 cm-' confinned 
that the nitrile had undergone hydrolysis to the amide. 
The remainL"g IH n.m.T. signals were in the aromatic 
region except that for the 5-methyl group at 8 2.47. 
The u.v. spectrum of (8; R = H) was similar to that of 
the pyrrolo~2,I-aJisoquinoline analogne (3; R = H), 
showing ).~~ 260 (log t 4.19), 291 (4.40), 370 (3.73), and 
429 nm (3.91) [(3; R = H) shows A"",x. 250 (4.46), 
256sh, 293 (UI), 381 (3.40), and 437 nm (3.45)]. The 
yield of the pyrrolo[I,2-a)quinoline (8; R = H) was 
25%; some polymerisation. presumably of the acrylo-
nitrile, had occurred. 
On repeating the cyclisation but .... ith the analogous 
I See also (a) F. D. Popp and J. M. \Vefer. unpublished work. 
cited in F. D. Popp, Adv. Heteyocyclic Chem .• 1953.9. 12; (b) V. 
Boekelheide and J. Weinstock, j. Amey. Chun. Soc., 1952.74,680. 
• B. C. t:ff and J. R. Kershaw. J. Ch,m. So,. (C). 1969, 666. 
1 B. C. Uff, J, R. Kershaw, and S. R. Chhabra. j.C,S, Peykin I. 
1972. 479. 
1977 
p-methoxyphenyl Reissert compound of 4-methylquino-
line (4; Ri = H, R- = Me, R = 4-MeO·C,H,) at -30·C 
1-(p-methoxyphenyl)-5-methylpyrrolo[I,2-a]quinoline-
2-carboxamide (8; R = O~le) was obtained, as ochre 
needles, in only 2% yield. Accompanying it, also in 
low yield, was a second product of the same molecular 
weight. This showed a nitrile i.r. absorption at 2 250 
cm-l and a carbonyl band at I 660 cm-l , and we assign it 
2019 
[I,2-a]quinoline (8). In the aprotic sodium hydride-
dimethylformamide system this latter pathway may be 
achieved by an ('quilibration of (10) with (13). Howe"er 
employment of a base-solvent system such as sodamide 
in liquid ammonia, from which protons could be 
abstracted, might encourage pyrrolo[I,2-aJquinoline 
formation at the expense of the fragmentation sequence. 
Under these conditions the pyrrolo~I,2-a;quinoline 
RI R3 RZ 
R'~H_ 
l:::::)l-..N)( C N 
I 
O=C-R 
R'~_. _ RI J~N.,J-.:CN 
I 
O=C-R 
R'~ ~r~·lCN 
(4) 
rol~ ..... ~ N C-R 
11 
o 
(7) 
Me 
Ph-C=O 
(5) 
RZ 
R'~R3 
l::::)l..w,l(c N 
I 
Ph-C=O 
(6) 
, CO'NH, 
~CN ~r6JN~ ...... - CN-
/1 
..... 
'-l-_\::"CN 
H 
I' 
..- l 
R 
~I"" ........ /. N 0 11 
(12) 
CH' CH-C- Ph 
, I 
X 
( 9) 
structure (11; R = OMe), in accord with other spectro-
scopic data. 
Compound (11; R = OMe) could arise by cyclisation 
via (9; R = OMe) to the intermediatetetrahydropyr-
rolo[I,2-a]quinoline (10; R = OMe), followed by frag-
mentation in the manner shown. When the reaction 
was conducted at room temperature the ' ring-opened' 
compound (11; R = OMe) was not isolated, the only 
material obtained being (7; R = 4-MeO·C,H.l, product 
of a 1,2-rearrangement. Formation of a ketone analo-
gous to (11) has been observed in the isoquinoline series. 
Addition of ethyl acrylate to the anion (2) gives corn· 
pound (12; X = CO_Et); addition of 2-vinylpyridine 
gives the ketone (12; X = 2-pyridyJ).· 
To progress from the intermediate (10) to the ring-
opened product (11) does not require intervention of a 
proton source, in contrast to the pathway to the pyrrolo-
R 
(10) Me 
H 
H CN 
H 
(8; R = O~le) was obtained in the improved yield 
of 20%, and (8; R = H) was formed in only 10% yield. 
Again polymerisation was evident, and in the hope of 
Me 
~I' " CN 
HO N _ CN 
R 
(13) 
~ .... " I N OH . 1 Ar H 
CN 
(14) 
~I' " N HO 'CN 
Ar H 
(15) 
reducing this we examined the less nucleophilic 8 base 
potassium t·butoxide. . 
As its use in t· butyl alcohol alone proved unsatisfactory. 
on solubility grounds, dimethyl sulphoxide was employed 
e D. E. Pearson and C. A. Buehler, Clum. Rev., 1974,74.45; 
J. Wemple. Tetrahedron Lettct's, 1975, 3256. 
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as solvent. bearing in mind that 1 mol. equiv. of t-butyl 
alcohol would be produced in situ on initial carbanion 
formation. Application to the isoquinoline series at 
room temperature gave yields of up to 90% of pyrrolo-
~2.1-a]isoquinolines (3; R = H. OMe. or Me). However. 
use of the quinoline Reissert compound (4; R' = H. 
R' = Me. R = Ph) under the same conditions' resulted 
in only 1.2-rearrangement to (7; R = Ph) and no 
cydisation. In dimethylformamide at -40 QC use of 
t-butoxide was more satisfactory. giving 5-methyl-l-
phenylpyrrolo[I.2-a]quinoline-2-carboxamide (8; R = 
H) in 20% yield. 
Even under these conditions the pathway to the ring-
opened structure (Il) evidently had similar energy 
requirements to the route to (8). since use of t-butoxide-
dimethylformamide at -40 QC with (4; R' = H. 
R' = Me. R = 4-MeC.H.J and (4; R' = H. R' = Me. 
R = 4-MeO·C.H.J gave (11; R = Me) and (11; 
R = O)le) in yields of 46 and 40%. respectively. 
Thus the apparent reluctance of the reactions to pro-
vide the fully aromatic pyrrolo[I.2-aJquinolines in more 
than modest yield contrasts with the pyrrolo[2.1-a]iso-
quinoline formation; this difference seems not to be due 
only to reaction conditions. Models show that if loss 
of cyanide precedes dehydration in the aromatisation of 
the five-membered ring. the isoquinoline-derived inter-
mediate (14) benefits considerably more from resonance 
stabilisation than does the quinoline-derived analogue 
(15). owing to a much greater t"isting out of plane of the 
conjugated system in the latter case; this may be a 
critical factor. 
EXPERIMENTAL 
N.m.r. spectra were recorded at 90 ~IHz on a Perkin· 
Elmer R32 instrument. Light petroleum was dried over 
sodium wire, and dimethylformamide over molecular sieves 
(Union Carbide. type 4A); dimethyl suphoxide was dis-
tilled from calcium hydride and stored over molecular 
sieves. Tetrahydrofuran and t-butyl alcohol were distilled 
from lithium aluminium hydride and calcium hydride, 
respectively, prior to use. 
N-Benzoyl-4.6-dimethyl-l.2-dihydroquinoline-2-carbo-
nitrile (6; RI = R2 = Me, Ra = H).-A suspension of 
scdium hydride (1.5 g. 0.062 5 mOl) [from a 60% suspension 
in oil. washed with dry light petroleum (b.p. 40-60 QC)] in 
dry dimethylfom,amide (125 ml) waS stirred at 0 QC under 
nitrogen, N-Benzoyl-6-methyl-I.2-dihydroquinoline-2-
carbcnitrile (4; R' = Me. R' = H. R = Ph) (IS g. 0.0547 
mol). m.p. 147-149 QC (lit .• ' 144 QC) (from ethyl acetate). 
in dry dimethylformamide (75 ml) was added and a deep 
red colour developed with evolution of hydrogen. After 
about 15 min methyl iodide (8.514 g. 0.06 mol) waS added 
during 0.5 h. The mixture was stirred for a further 0.5 h at 
o QC and overnight at room temperature, after which its 
colour was pale yellow. Ethanol was added to destroy the 
excess of sodium hydride and most of the solvent \"'as 
evaporated off under reduced pressure. The residue was 
suspended in water and extracted with chloroform. The 
• F. D. Popp, ,V. Blount, and·P. Melvin, J. Q'g. Gkem. 1961 .O~ . . 
10 K. N. CaropbeU and I. J. Schaffner, J. A mer. Gkem-. Soc., 
1945.67. 86. 
J.C-S. Perkin I 
extracts were combined, washed with dilute hydrochloric 
acid. dried (K,CO,). and evaporated. Column chromato-
graphy of the resulting red oil on neutral alumina with 
toluene-ethyl acetate (4: I) gave a pale yellow sclid (5 g. 
40%). Recrystallisation from ethyl acetate afforded N-
benzoyl-4.6-dimethyl-I.2-dihydroquinoline-2-carbcnitri1e 
(6; R' = R' = Me. R' = H) as colourless rhombs. m.p .. 
132--134 QC (lit .• ' 130-131 QC). Vmu. 2240 (CN). I 660 
(N-C=O). and I 600 cm-' (C=C). 8 7.5--6.4 (8 H. m. 
aromatic). 6.1 (I H. d. 2-H I ... 7 Hz). 6.85 (1 H. q. 3-H. 
I, .• 7 Hz. I .. H.Hf.. 1.3 Hz). 2.28br (3 H. s. 6-Me). and 2.18 
(3 H. d. 4-Me. I .. "' •.•. H 1.3 Hz). 
Preparation of 4-Metkylquinoline Reissert Compounds.-
4-Methylquinoline. b.p. 87-89 QC at 1.2 mmHg. nn
" 1.619. was prepared in bulk from aniline hydrochloride and 
methyl vinyl ketone by the method of Campbell and 
Schaffner.10 By the general procedure of Popp and 
Blount,11 the following Reissert compounds were prepared: 
N-benzoyl-4-methyl-l.2-dihydroquinoline-2-carbcnitri1e (4; 
R' = H. R' = Me. R = Ph). m.p. 174-175·C (lit .• ' 173-
175 QC); N-(p-methoxybenzoyl)-4-methyl-l.2-dihydroquin-
oline-2-carbcnitrile (4; R' = H. R' = Me. R = p-MeO-
C.H,). m.p. 157-158 QC (lit .• " 155--157 QC); N-CP-
methylbenzoyl)-4-methyl-l.2-dihydroquinoline-2-carbo-
nitrile (4; R' = H. R' = Me. R = p-MeC,HJ. m.p. 166-
167 QC (lit .... 165--167 QC). . 
Reaction of 4-Methylquinoline Reisset't Compounds with 
Acrylonitrile.-(a) With sodium hydride in dimethy/fonn-
amide. A suspension of sodium hydride (1.0 g. 0.04 mol) 
in dry dimethylformamide (50 ml) was stirred at 0 QC under 
nitrogen. N-Benzoyl-4-methyl-I.2-dihydroquinoline-2-
carbonitrile (6.3 g. 0.023 mol) in dry dimethylformamide 
(30 ml) was aded dropwise during 5--10 min. The 
mixture was stirred for a further 15 min to allow complete 
fonnation of the Reissert anion (hydrogen was evolved), 
Acrylonitrile (2.2 g. 0.04 mOl) in dry dimethylfonnamide 
(20 ml) was added dropwise during 5 min. The mixture 
was stirred for a further 3 h at 0 °C and then allowed to 
warm to room temperature. Most of the dimethylform-
amide was distilled off under reduced pressure, 'Vater 
(lOO ml) was added and the pH adjusted to 7 with dilute 
hydrochloric acid. Extraction with chlorofonn and eva" 
poration of the extract after washing with dilute hydro.-
chloric acid and water and drying (K,CO,). gave a dark red 
oil. Column chromatography on neutral alumina [toluene-
ethyl acetate (4: I) as eluant] and recrysta11isation from 
ethyl acetate gave 2-benzoyl-4-methylquinoline (14%) 
(7; R = Ph) as colourless rhombs. m.p. 112--113 QC (lit .• " 
109 QC). v=x. I 660 cm-' (C=O). a 8.4-7.5 (10 H. m. aro-
matic) and 2.79br (3 H. s. 4-Me). mle 247 (M+' and 105 
(C,H,CO+). . 
Use of N -(p-methoxybenzoyl)-4-methyl-l.2-dihydroquino-
line-2-carbcnitrile (4; R' = H. R' == Me. R = P-MeO' 
C8H.) at room temperature similarly gave 2-(p-methoxy-
b,nzoyl)-4-methytquinoline (7; R = P-MeO'C,HJ (50%) as. 
yellow needles. m.p. 121-122 QC (from methanol) (Found: 
C. 78.1; H. 5.5; N.5.1. C18H"NO. requires C. 78.0; H. 
5.5; N. 5.1 %). v_ 1655 cm-' (C=O). 8 8.5--7.0 (9 H. m. 
aromatic). 3.95 (3 H. s. p-OMe). and 2.73br (3 H. s. 4-Me). 
mle 277 (1\1+') and 135 Cp-MeO·C,H,+). 
The previous experiments were repeated at - 30 °C. 
11 F. D. Popp a.nd W. Blount, Glum. and rnd., 1961 550, 
11 B. C. t'ff and H. N. Burdess, unpublished work. 
11 R. F. Knott, J. Ciree, and J. G. Breckenridge, Canad .. J, 
Ch, .... 1953. 31. 616. 
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Condensation of N-benzoyl-4-methyl-I,2-dihydroquinoline-
2-carbonitrile (4; R' = H, R' = Me, R = Ph) with acrylo-
nitrile gave 5-methyl-I-phenylpyrrolo[I, 2-a ]quinoline-2-
carboxami.e (8; R = H) (25%) as deep orange needles, 
m.p. 136-137 ·C (from ethyl acetate) (Found C, 79.9; 
H,5.3; N,9.1. C"H"N,o requires C, 80.0; H,5.4; N, 
9.3%), v~x. 3 435 and 3 285 (NH,) and I 625 cm-' 
(N-C=O), 8 8.5-6.75 (11 H, m, aromatic), 6.55br (2 
H, exchangeable, NH,), and 2.47br (3 H, s, 5-lIe), A"n 260 
(log. 4.19), 291 (4040), 370 (3.73), and 429 nm (3.91), 
mle 300. 
Use of N-(p-methoxybenzoyl)-4-methyl-I,2-dihydroquino-
line-2-carbonitrile (4; R' = H, R' = Me, R = p-MeO' 
C.H .. ) under the same conditions gave a dark red aif on 
evaporation of the chloroform. T.l.c. showed two major 
components. These were separated by elution from 
neutral alumina with toluene-ethyl acetate (4: I). Eva-
poration of the first fraction. Rp [ethyl acetate-toluene 
[I: I)] 0.55 on alumina, gave 1-(p-melhoxyphenyl)-5-
melhylpyrrolo[I,2-a]quinoline-2-carboxamlde (8; R = MeD) 
(2%) as ochre needles (from ethyl acetate), m.p. 135-
136 ·C (Found C, 75.8; H, 5.5; N, 8.4. C21H 18N,O, 
requires C, 76.3; H, 5.5; N, 8.5%), vmaL 3360 and 3255 (NH,) and I 615 cm-' (N-C=O), 8 8.6-6.5 (10 H, m, 
aromatic), 6.41br (2 H, s, exchangeable, NH,), 3.97 (3 H, 
s, P-OCH,), and 2.4lbr (3 H, s, 5-Me), ~ 263 (log < 4.13), 
298 (4.28),380 (3.87), and 432 nm (4.06), mle 330. Eva-
poration of the second fraction. RF [ethyl acetate-toluene 
(I: I)] 0.15 on alumina, gave 2-[~-cyano-~-(p-melhoxy­
beneoyl}elhyl]-4-methylquinoline (11; R = OMe) (5%), as 
pale yellow rhombs, m.p. 133-134 ·C (from ethyl acetate) 
(Found C, 76.0; H, 5.5; N, 8.2. C21H18N,O, requires C, 
76.3; H, 5.5; N, 8.5%), v_ 2250 (CN) and I 660 cm-' 
(C=O), 8 8.Z-6.8 (9 H, m, aromatic), 5.45 (I H, t, ~-H, 
h'lI. •. H7 Hz), 3.86 (I H, q, a-H, I •. H._ 16, I"H'~'H 7 Hz), 
3.85 (3 H, s, p.OCH,), 3.51 (I H, q, a-H, I •. H ...... 16, 
I ... H./l-H 7 Hz), and 2.62br (3 H, s, 4-Me), mle 330. 
(b) Use of .odamlde in liquid ammonia. N-(p-Methoxy-
benzoyl)-4-methyl-I,2-dihydroquinoline-2-carbonitrile (4; 
R' = H, R' = Me, R = p-MeO·C,H.) (5 g, 0.0164 mol) in 
dry tetrahydrofuran (75 ml) was added dropwise to a 
solution of sodium (1.0 g) in liquid ammonia containing a 
catalytic amount of iron(m) chloride. A dark red colour 
developed. After stirring for a further 15 min, a solution 
of acrylonitrile (3.75 g, 0.07 mol) in dry tetrahydrofuran 
(25 ml) was added during 5 min. Stirring was continued for 
a further 2 h, after which ammonium chloride (3 g) was 
added and the mixture was left overnight. Evaporation 
left a red-brown solid. This was suspended in water and 
extracted with chloroform. The combined organic extracts 
were washed with 50% hydrochloric acid and water, dried 
(K,CO.), and evaporated to a red oil. Column chromato-
graphy on neutral alumina and crystallisation from ethyl 
acetate gave 1-(p-methoxyphenyl)-5-methylpyrrolo[I,2-a]-
quinoline-2-carbOxamide (8; R = OMe) (20%), identical 
(Lr. and n.m.r. spectra) with the sample described above. 
Use of N-benzoyl-4-methyl-I,2-dihydroquinoline-2-carbo-
nitrile (4; R' = H, R' = Me, R = Ph) similarly gave 
l-phenyl-5-methylpyrrolo[I,2-a]quinoline-2·carboxamide 
(8; R = H) (10%) as orange needles, m.p. 136-137 ·C 
(from ethyl acetate), identical (Lr. and n.m.r. spectra) with 
the sample described above. 
(c) Us. of potassium I·bulo"i... White powdered potas· 
sium t-butoxide was prepared by adding potassium (1.06 g, 
0.027 3 mol) to dry t·butyl alcohol (30 ml) and heating 
2021 
under reflux under nitrogen until all the metal was dissolved. 
The t-butyl alcohol was distilled off and the white solid was 
heated to an oil-t ath temperature of 150°C at 0.1 rnmHg for 
2 h. Dry dimethyl sulphoxide (75 ml) was added alter 
cooling and the mixture was stirred to produce a suspension 
under nitrogen at room temperature. N-Benzoyl-4-methyl-
1,2-dihydroquinoline·2-carbonitrile (4; R' = H, R' = )le, 
R = Ph) (5 g, 0.0182 mol) in dry dimethyl sulphoxide 
(25 ml) was added dropwise over 5 min, resulting in a dark 
red colour. After stirring for a further .5 min. acrylonitrile 
(1.466 g, 0.027 mol) was added. The mixture was stirred 
for a further 1 h and most of the dimethyl sulphoxide was 
evaporated off under reduced pressure. The residue was . 
suspended in water and extracted with chlorofonn after 
adjusting to neutral pH. Evaporation of the extract after 
washing with water and drying (K,CO.) gave 2·benzoyl·4-
methylquinoline (7; R = Ph) (0.6 g, 13%) as colourless 
rhombs, m.p. 112-114 ·C (from ethyl acetate). This 
compound had i.r. and n.m.r. spectra identical with those 
of the sample described above, and the mixed m.p. was 
undepressed. 
The latter reaction was repeated 'with potassium t-
butoxide in dimethylformamide at -40°C under nitrogen. 
Evaporation, and column chromatography of the resulting 
red oil on neutral alumina gave I-phenyl-5-metbylpyrrolo-
[I,2-a]·quinoline-2-carboxamide (8; R = H) (20%) as 
orange needles, m.p. 136-137 ·C (from ethyl acetate), 
identical (Lr. and n.m.r. spectra) with the sample described 
previously. 
On repeating the above reaction with N-(p-methoxy-
benzoyl)-4-methyl·I,2-dihydroquinoline-2-carbonitrile (4;. 
R' = H, R' = Me, R = p-MeO·C,H.), the only product 
isolated was 2·[~-cyano-~-(p·methoxybenzoyl)ethyll-4-
methylquinoline (11; R = OMe) (46%), m.p. 13Z-134 ·C, 
identical (i.r. and n:m.r. spectra) with the previously pre-
pared compound. 
Use of the above procedure with N-(p-methylbenzoyl)-
4-methyl-I,2-dihydroquinoline-2-carbonitrile (4; R' = H, 
R' = Me, R = p-MeC,H.) and acrylonitrile gave 2-(~­
cyano·~-p-melhylbenzoylethyl)-4-melhylquinoline (11; R = 
Me) (40%) as pale yellow rhombs, rn.p. 124-126·C (from 
ethyl acetate) (Found C, 80.0; H,5.7; N,8.9. C"HlIN,O 
requires C, 80.2; H, 5.8; N, 8.9%), v"",x. 2 245 (CN) and 
I 695 cm-' (C=O), 8 8.1-7.1 (9 H, m, aromatic), 5.48 (I H, t, 
~-H, IB-1I. •. H7 Hz), 3.85 (I H, q, a-H, I .. H ...... 15, I"H'~'H 
7 Hz), 3.50 (I H, q, a-H, I •. H._ 15, I •. H./l-H 7 Hz), 2.65br 
(3 H, s, 4-Me), and 2.42br (3 H, s, p-Me). 
Re~tion of Isoquinoline Reissert Compounds with Acrylo-
nitrile using Potassium t-Butoxide. \"\'hite powdered 
potassium t-butoxide (0.02 mol) was prepared as described 
above. Dry dimethyl sulphoxide (75 ml) was added after 
cooling and the mixture was stirred to produce a suspension 
under nitrogen at room temperature. N~Benzoyl-I,2-
dihydroisoquinoline-l-carbonitrile (I; R = H) (5 g, 0.0183 
mol) dissolved in dry dimethyl sulphoxide (25 ml) was added 
drop·wise over 5 min. After stirring for a further 5 min, 
acrylonitrile (2.9 g, 0.0547 mol) was added. The mixture 
was stirred for a further 20 min and most of the dimethyl 
. sulphoxide was evaporated off under reduced pressure. 
The residue was suspended in water and extracted with 
chloroform after 'adjusting to neutral pH. Evaporation 
01 the extract after washing with water and drying (K,CO,) 
gave 3-phenylpyrrolo[2,I-a]isoquinoline-2·carboxamide (3; 
R = H). Crystallisation from benzene-light petroleum 
(b.p. 60-80 .C) (9: I) gave red rhombs (2.8 g, 64%), m.p. 
2022 
168--169 'C (lit.,' 168-169 'c), \".,. 250 (log t 4.46), 
256;h, 298 (4.61), 3S1 (3.40), and 437 nm (3.45). 
S.( p-~Iethox ybenzoy 1)-1, 2-dihydroisoq uinoline-l-carbo-
nitrile (1; R = O:\le) and acrylonitrile by this method gave 
3-rp-methoxypheny 1)pyrrolo:2,l-a ]isoq uinoline-2'-carbox-
amide (3; R = OJ.le) as greenish yellow rhombs, m.p. 
174-175 °C (90%) from benzene-light petroleum (b.p. 
60-S0 'c) (9: 1) (Found: C, 75.S; H, 4.9; X,8.8. C"H.,-
XzOz requires C, 75.9; H, 5.1; N. 8.9%), v!'!'.l"C. 3300 and 
3400 (:\H,) and 1 640 cm-1 (:\-C=O), 8 8.0-6.5 (11 H, m. 
aromatic) and 3.91 (3 H. s. p-O)!e), >n/e 316, )'=x. 258 
(log t 4.10). 296 (4.51).370 (3.87). and 427 nm (3.90). 
J.C.S. Perkin I 
N-(p-Methylbenzoyl)-1.2-dihydroisoquinoline-I_carbo_ 
nitrile (1; R = Me) with acrylonitrileundersimilarconditions 
afforded the analogous 3-(p-".ethylphenyl)pyrrolo[2.1-al-
isoquinoline-2-carboxamide (3; R = !\'1e) as brownish orange 
needles (58%). m.p. 209-210 'C (from benzene) (Found: C. 
80.2; H.5.4; X.9.4, C"H,,::-I,O requires C. 80.0; H.5.4; 
N, 9.3%). v=x. 3400 and 3300 (NH,) and I 640 cm-1 
(::-I-C=O). a 8.0-6.5 (11 H. m. aromatic). 7.94br (2 H. s. 
NH,). and 2.46br (3 H. s. p-Me). m/e 300. ),~x. 256 (log. 
4.12). 294 (4.51). 369 (3.80). and 428 nm (3.83). 
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STUDIES WITH REISSERT COMPOUNDS. PART VI.I CHANGE OF PATHWAY 
OCCASIONED BY PHASE TRANSFER CATALYSIS: SUPPRESSION OF N-ACYL PSEUDO-BASE 
FORMATION IN FAVOUR OF AREISSERT REACTION 
Barrie C. Uff* and Ronald S. Budhram 
- ~
Department of Chemistry, Loughborough University of Technology, Loughborough, 
Leicestershire, LEll 3TU, England. 
Treatment of phthalazine with £-chlorobenzoyl chloride and 
potassium cyanide in a two-phase system gives an !i-acyl pseudo-
base (3, R = 4-C1C6H4). Addition of a phase, transfer catalyst 
to the medium changes the reaction pathway to give a Reissert 
compound (4, R = 4-C1C6H4) as major product with only a trace of 
!i-acyl pseudo-base. The same change is observed with 5-nitro-
isoquinoline and a variety of acid chlorides. Inclusion of a 
phase transfer catalyst also increases the yields of Reissert 
compounds in reactions in which !i-acyl pseudo-bases are not 
involved. 
We reported earlier2 '3 that an N-acyl pseudo-base of the type (1) is 
obtained in high yield when 5-nitroisoquinoline is treated with an acid 
chloride and potassium cyanide in water/methylene chloride, the expected 
Reissert compound (2) being given in yields of only 5% or less. Similar 
behaviour, though less marked in some cases, has been reported for analogous 
isoquinoline,~t3''+ quinoline,h3,S and 1,3,4.-thiadiazole6 systems, 
each carrying certain electron-withdrawing features. 
In a similar manner we have recently observed that phthalazine with 
£-chlorobenzoyl chloride and potassium cyanide produces a 55% yield of 
!i-acyl pseudo-base (3, R = 4-C1C6H4) and only a trace «1%) of Reissert 
compound (4, R = 4-C1C6H4). Investigating this reaction further we have 
examined the effect of arlding a phase transfer catalyst? to the two-phase 
ll~9 -
system. We found this caused a striking reversal of the previous behaviour. 
The Reissert compound (4, R ~ 4-C1C6H4 ) is fo'rmed in 72% yield, with less 
than 1 % of !i-acyl pseudo-base (3, R = 4-C1 C6H4 ). 
(C2 ?" ~ R ~ I N-t-R 
?<OH ~N02 '<:: 0 . ~ I N- ~-R CN" 
(1) (2) 
2 Q2?" "., ° I 11 • .~ N _C_R1 H CN CQ"N 0 I 1 11 .~ NN- C- R 
(3) (4) (5) 
We have subsequently shown that this change in pathway occurs with 5-nitro-
isoquino1ine on treatment with a variety of acid chlorides and potassium 
cyanide in water/methylene chloride containing 1% of benzy1trimethy1ammonium 
chloride, PhCH2NMe3C1- with respect to cyanide concentration. N-Acy1 pseudo-
I -
base formation is 'comp1ete1y suppressed and Reissert compound formed. The 
results are summarised in the Table (entries ~ - !). 
Also included in the Table (entries! - 1) is a comparison of cases of 
normal Reissert compound formation (no pseudo-base involvement) in the 
absence or presence of the phase transfer catalyst. We have mainly selected 
cases in which the Reissert reaction proceeds in only low or moderate yield, 
in the absence of catalyst, such as in the formation of phtha1azine Reissert 
compounds (4) or those prepared from ch10roformates (e.g. 5, Rl=OMe, R2=H). 
It can be. seen that in every case marked improvements in yields are given. 
The benzy1trimethy1ammonium chloride would appear to provide a greatly 
enhanced selective transport of cyanide ion from the aqueous to the organic 
medium. This probably results from a favourable soft acid-soft baseS inter-
action of the PhCH2NM~ ion with the -CN ion, rather than with the harder -OH 
(or H20). 1 7~) {) -
~. 
~ 
~ 
~ 
e 
! 
f 
~ 
h 
-
i 
-
1. 
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Table N-Acyl pseudo-base and/or Reissert compound formation 
Without PhCH2~MesCl- With PhCH2NMe sCl-
-acyl pseudo-base Yield Reissert Yield N-acyl Rei ssert 
m.p. compound pseuQo- compound 
m.p. base Yield 
Yield 
3.R.4-C1C6H4 ) 55% (4.R.4-C1C6H4) <1% <1% 72% 
1 47-148°C(a) 201-2030 C(a) 
I.R.4-MeOC6H4 ) 70% (2.R·4-MeOC6H4 ) 5% - 27% 
167-1690Cs 209-2100 CS 
(I.R.C6Hs) 90% (2.R·C6Hs) 1% - 17% 
189-1900 CS 148-1490C(b) I 
(I.R·CHs) 74% (2.R·CHs) 2% - 24% 
174-1 760Cs 186-1870Cs 
(I, R~OCHs) 15% (2,R.OCHs) 2% - 72% 
169-l71oC(a) 140-1410C(a) 
Without PhCH 2NMe sCl- . With PhCH2NMe sCl-
Reissert compound m.p. Yield Yield 
(4,R.4-CH sC6H4 ) 212-213°C(a) <1% 50% 
( 4,R.CH s) 167-168 C(a) 22% 54% 
(5,R1.0Me, R2·H) 83-850C(c) 24% 69% 
(5,R1.0Me, R2'Me) 60-61 0C(d) 53% 64% 
(5,R1.Ph. R2.Me) 1 34-135°C(e) 63% 77% 
(a) Satisfactory elemental analyses and spectral data obtained. 
(b) lit. m.p. 1480C9 (c) lit. m.p. 83-850C10 (d) lit.m.p. 60-61 0 C11 
(e) lit. m.p. 127-1280C12 
-1791-
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206 Communications 
Studies with Reissert Compounds; Pari VII '. A Syn-
thesis of Ihe Pyrrolo[2,t-a ]phthalazine System 
Barrie C. UfF·, Ronald S. BUDHRAM 
Department of Chemistry, Loughborough University of Techno-
logy. Loughborough, leicestershire, LEIl 3TU. England 
We report a straightforward synthesis of the little known2 
pyrrolo[2.I·a]phthalazine system, 4, from a phthalazine 
Reissert compound 2. The latter is readily prepared from 
phthalazine 1 by treatment with an acid chloride and potas-
sium cyanide, in a two-phase system. in the presence of 
a phase transfer catalyst"'. Generation of the carbanion 
3 by use of potassium t-butoxide in dimethyl sulphoxide 
followed by addition of acrylonitrile leads to the 3·arylpyr. 
rolo[2,I.a]phthalazine.2-carboxamide, 4, (R=aryl) in good 
yields (54--65%). 
, 
R-CO-CI I KeN I 
[C&HSCH2N(CH3b]$Cl9 I CH2ct2 I H20 
• 
Q;LCO- R 
NC H 
t_C"HgOK I DMSO, r.l. 
• 
2 
H2C=CH-CN 
4 
The pyrrolo[2,I.a]phthalazines 4, which are variously 
coloured from deep orange to brick red, are spectroscopically 
similar to pyrrolo[2,1-a]isoquinolines. which can be elabor-
ated by a related procedure4 • The ultraviolet spectrum of 
4c (R =4·H,C-C,H.), for example, compares with that 
of 3·(p-tolyl )·pyrrolo[2, l·a ]isoquinoline.2.carboxamide4 • 
with ;._.=256 (log £=4.12), 294 (4.51), 369 (3.80), 428 
(3.83) nm. 
The cyclisation reaction was unsuccessful with 2·acetyl+ 
cyano·I,2-dihydrophthalazine (2. R=CH,) suggesting that 
resonance stabilisation. as provided by R=aryl. is needed 
at an intermediate stage between 3 and4 to benefit favourably 
the equilibria inyolved. 
3-Arylpyrrolo[2.1-a Jphthalazine-2-carboxami.:es (4 a-d); General 
Procedure: 
The phthalazine Reissert compound 1 (2; 0.05 mol) dissolved in 
dry dimethyl sulphoxide is added dropwise to a :;tirred suspension 
of pota:i:>ium r-bu{(,!xide (0.20 mol) in dry dimethyl sulphoxide 
under nitrogen at room temperature. After 15 min acrylonitrile 
10.~O moll is added and the mixture stirred for a further 0.5 
SYNTHESIS 
h. Most of the dimethyl sulphoxide is removed by evaporation 
under reduced pressure. The residue is suspended in water and 
extracted with chloroform. The extracts are washed with dilute 
hydrochloric acid and water and dried (K1CO). Evaporation 
of the chloroform gives the 3~arylpyrrolo[2,t~aJphthalazine~2~car~ 
boxamide (4a-d) which readily crystallises from ethanol. 
3~Phenylpyrrolo[2, t ~a Jphthalazine-2~carboxamide (4a; 
R-C,H,); yield: 65%; m.p. 210-211°. 
C18H"N,O calc. C 75.24 H 4.56 N 14.63 
(287.3) found 75.15 4.60 14.30 
I.R. (KBr): v~.-3430, 3320, 1632 cm-' (CONH,). 
U.V. (C,H,OH): ; .... _246 (log £-4.18), 284 (4.66), 366 (3.9), 
446 nm (3.72). 
'H-N.M.R. (CDCI,): 6-8.2-6.8 (rn, 11 H"o.); 5.80ppm (br, 2H, 
NH,). 
3~( 4~ M et hoxyphenyl)~pyrrolo[2, t ~a Jp h thalazine-2~carboxamide 
(4b; R-4-H,CO-C,H4); yield: 60%; m.p. 177-178°. 
C"H"N,O, talc. C 71.91 H 4.76 N 13.24 
(317.3) found 71.90 4.80 13.00 
I.R. (KBr): v ... -346O, 3340, 1638 cm-' (CONH,~ 
U.V. (C,H,OH): i. ••• -282 (log '-4.58), 293 (4.59), 370 (3.85), 
450 nm (3.63). 
'H.N.M.R.(CDCI,): 6-8.2-6.8 (m, IOH,,~); 5.10 (br, 2H, NH,); 
3.92 ppm (s, 3 H, CH,) . 
3 -(4-M ethoxyphenyl):' pyrrolo[2,l-a J phthalazine-2 -carboxamide 
(4<; R=4·H,C-C,H.); yield: 54%; m.p. 175-178'. 
C"H"N,O cale. C 75.73 H 5.02 N 13.95 
(301.3) found 75.20 5.00 14.15 
I.R. (KBr): ,·~.-3442, 3327,1630 cm-' (CONH,~ 
U.V. (C,H,OH): ; .... -255 (log ,-4.39), 293 (4.75), 372 (3.85), 
450 nm (3.72). 
'H·N.M.R. (CDCI,): 6-8.2-6.8 (m, 10H,,0.); 6.34 (br, 2H, NH,); 
2.47 rpm (s, 3 H, CH,). 
3-( 4~Ch lorophen y I)~pyrrolo [2, t ~a ] ph t halazi ne~2~carboxamide 
(4d; R-4·CI-C,H,); yield: 65%; m.p. 200-202°. 
C18H"CIN,O calc. C 67.19 H 3.76 N 13.06 
(321.8) found 66.9 3.9 12.8 
I.R. (KBr): , ••• -3448, 3343. 1633 cm-' (CONH,). 
U.V. (C,H,OH): ; .... -257 (log ,-4.39), 293 (4.91), 372 (4.13), 
450nm(391). 
'H·N.M.R. (CDCI,): 6-8.2-6.7 (m, 10H.,~); 6.38ppm (br, 2H, 
NH,). 
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R.S.Budhram Ph;D;TheSis 
Summary 1. 16 causes 
p.3 1. 3 up the steps are prior 
p.5 1.3 if a 
p.6 1.4 ~dride 
p.14 1.2 neuroeffector 
p.1S 1.3 effected 
p.21 structure 69 R-CH 
~ p.21 structure 70 N=C-R' 
p.23 1.14 results 
p.23 1.3 up yiel~ 
Typing errors etc. 
p.4 structure 9 c=o 
p.24 structure (SO) should be tetra-n-butylammonium 
p.251.9 ion pair Q+A- -
p.25 1.3 tetra-~-butylammonium 
p.27'structure 87 add the 6-CH3 group ± p.30 structure (96) ----+ N-FeC1 2 ----+ 
p.391.14 makes 
p.47 tricyclic structure bond to 3-Me missing 
p.62 1.7 significance 
- -
p.67 1.3 cy~lisation 
p.90 structure 100 Ph-N=C 
p.l02 oxygen missing from c=o in structure, lower left 
p.l07 1.7 up keton! 
p.l0S structure (211) should be dithio C=S 
p.116 1.5 2-carbet~oxypiperidine 
p.122 1.6 up Elemental 
p.1271.7 ethrl 
p.129 1.17 sep~rated 
p.130 1.6 up square brackets for 1,2-a 
p.131 1. 16 11 11 11 11 
p.1341.15 
p.154 1.5 up 
11 
11 
11 
11 
p.162 1.7 up m/e 27S[M]+ 
11 11 
11 2,1-a 
p.1641.9 up square brackets for 5,1-a 
p.169 1.10 up 11 11 
p.175 ref. 1 is incorrect 
p.176 ref. 32 is incomplete 
p.179 ref. 82 is missing 
11 1,2-a 
p.174 1. 13 N-Ethylthiolcarbonyl-
BCU/BW. 
19/5/197S 
Corrections 
l. p.4 
2. p.13 
3. p.14 
4. p.18 
5. p.21 
6. p.29 
7. p.33 
8. p.38 
9. p.47 
10. p.62 
H. p.81 
12. p.83 
13. p.llD 
14. p.1l5 
15. p.1l6 
16. 
Synthesis of Certain Tricyclic Systems 
containing a Bridgehead Nitrogen 
by R.S.BUDHRAM 
Structure (9) double bonds missing. 
First line, second para - pyrrolo. 
Line 3 - neuror ffector? 
Line 3 - effected not affected. 
Structure (69 ) bond missing. 
Structure (94) C -2 Me missing. 
Third para - This would read better if the 
had been followed: 3rd person, past tense, 
Structure (105) CN group missing. 
C3 - Me groups missing from two structures. 
End of first para - significance? 
Structure 13% abundance double bond missing. 
m Structure of /e 305 double bond missing. 
Structures (221) and 222) bonds missing. 
normal practice 
passive. 
Structure of 2-carbethoxypiperidine - H missing. 
Line 5, 2-carbethoxy 
Reference 82 does not appear in the bibliography although 
it is cited on p.84. 
1 
